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Studies on Brucellosis in Swine. 


VI. Clinical and Histologic Features of Intracutaneous 
Reactions to Fractions of Brucella Suis 


A. L. DELEZ, D.V.M., M.S., L. M. HUTCHINGS, B.S., D.V.M., M.S., and 
C. R. DONHAM, D.V.M., M.S. 


Lafayette, Indiana 


PREVIOUS EXPERIMENTS’ have indicated that 
the agglutination test, as currently applied, 
has serious limitations for the diagnosis 
of brucellosis in individual swine. Evidence 
from both controlled and field experiments 
has strongly indicated that the agglutina- 
tion methods are adequate as a herd diag- 
nostic procedure but should not be con- 
sidered reliable for passing judgment on 
individual animals. This limitation serious- 
ly interferes with practical control pro- 
cedures including regulations and prac- 
tices governing the traffic in swine. Thus, 
there is an urgent need for more accurate 
methods of diagnosis of this disease in 
swine. These preliminary experiments were 
designed to explore some possibilities of 
diagnosis by means of allergic reactions in 
the skin. 

Considerable attention has been given to 
the clinical aspects of skin reactions in Bru- 
cella allergy of man and animals. Studies 
have been conducted with different types 
of test materials, including suspensions of 
dead organisms, filtrates of broth cultures, 
and fractions of the bacterial cells. 

Huddleson* studied the use of a soluble 
nucleoprovein of Brucella cells as a skin-test 
material for the diagnosis of human bru- 


Published as Journal Paper No. 273 of the 
University Agricultural Experiment 
“tation, These studies were supported in part 
os a grant from the Bureau of Animal Industry, 
‘ericultural Research Administration, United 

ites Department of Agriculture. 


Assistant (Delez); associate (Hutchings); and 
lef veterinarian (Donham); Department of 
terinary Science, Purdue University Agricul- 
ral Experiment Station, Lafayette, Ind. 
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Reichel and Harkins,’ Holtum,' and Edging- 


cellosis. Among other studies, the work of 


ton and Broerman’ indicated that heat-killed 
suspensions of the organisms were not re- 
liable diagnostic agents for the detection of 
Brucella infection in cattle. Dubois and 
Doutre,’ using a heat-killed emulsion of 
Brucella abortus organisms, found that 
swine were less sensitive than sheep after 
artificial exposure. 

Stubbs and Live’ demonstrated an allergic 
response in sensitized rabbits, guinea pigs, 
and cattle when using a sonic filtrate of 
Brucella organisms as an antigen. Further 
studies by Live, Stubbs, and Gardiner*® in- 
dicated that the sonic filtrate may be used 
advantageously in conjunction with the ag- 
glutination test for the detection of bru- 
cellosis in herds of cattle in which the 
disease has assumed a chronic nature. 

A search of the literature has not re- 
vealed any studies with the histologic fea- 
tures of the allergic reactions in Brucella 
infections. Such studies have been made on 
the local cellular reaction after the injection 
of tuberculin. Hinshaw and Feldman’ and 
Pascher, Sulzberger, and Satenstein” des- 
cribed the histologic features of the tuber- 
culin reaction in human skin. Feldman and 
Fitch": * conducted similar studies in nat- 
urally and artificially sensitized cattle. 

Studies of the local cellular reaction after 
the injection of tuberculin in guinea pigs 
were reported by Auché and Augistrou,” La- 
Porte," and Dienes and Mallory.” Feldman” 
described the histologic features of the in- 
tracutaneous tuberculin reaction in chickens. 
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The following experimental studies were 
made to determine (1) the clinical features 
of skin reactions in naturally and artificially 
sensitized swine after the intracutaneous in- 
jection of two different fractions of Brucella 
suis organisms and (2) the histologic as- 
pects of the local, cellular reaction at vari- 
ous periods after the injection of these skin 
test materials. 


EXPERIMENTAL PROCEDURE 


Materials.--The preparations* used as skin- 
test materials in these experiments were as 
follows: 

1) Fraction SNP was essentially a soluble 
nucleoprotein of the bacterial cells obtained by 


TABLE |—Comparison of Results of Testing Sensitized 
and Nonsensitized Swine by Agglutination and SNP 


Fraction 
30 
ne 
n ex ~ 
oS & = 5 a B80 
~ ac om . ev 
ps ge ® Sa So 
Cr Ba Za Bea 
Natural 100 38 28 66 10 24 34 
Artificial 102 64 5 68 7 26 32 
Nonsensi- 
tized 150 0 133 89 1 16 11 


Note: Positive agglutination reaction—com- 
plete agglutination in 1:25 dilution. Positive 
allergic reaction—swellings of 1 cm, or more 
in diameter. 


repeated resolution and precipitation of an 
ethereal extract of Brucella organisms grown 
on liver-infusion agar. The final concentration 
of the active material was 1 : 1,000. 

2) Fraction CA was a purified liver broth 
filtrate of Br. suis organisms prepared by 
precipitating the active material at pH 4 with 
acetic acid. Resolution at pH 6.8 and precipita- 
tion at pH 4 were repeated several times to 
obtain purification. In addition to Brucella 
protein, the material contained a small amount 
of liver nucleoprotein which could not be com- 
pletely removed. 

Animals.—The clinical aspects of the re- 
action to the intracutaneous injection of these 
fractions were studied on a total of 352 swine. 
These swine consisted of three groups, one of 
naturally sensitized, a second of artificially 
sensitized, and a third of nonsensitized animals. 

The naturally sensitized group comprised 


*Dr. I. F. Huddleson of Michigan State Col- 
lege supplied the skin-test materials employed 
in these studies. 


100 animals representing three herds in which 
more than 25 per cent of the swine were re 
actors to the agglutination test for Brucella 
infection. Only the soluble nucleoprotein 
(SNP) was employed for skin tests in this 


oup. 

The artificially sensitized group contained 
102 animals which were exposed to suspensions 
of Br. suis organisms through natural portals 
of entry as follows: mouth, rectum, con- 


junctiva, prepuce, and vagina. Lots exposed. 


by subcutaneous and intravenous injections 
were also included. Brucella suis infection was 
determined in each lot as indicated by the 
agglutination reactions and bacteriologic ex- 
aminations. 

The nonsensitized group contained 150 
swine. Of these animals, 106 young pigs were 
obtained from herds in which there were no 
reactors to the agglutination test. The other 


TABLE 2—Comparison of Results of Testing Sensitized 
and Nonsensitized Swine by Agglutination and CA 


Fraction 
~ 
68s 
Ze se 38 2 8. 
>N o2 So Se Le 
Artificial 98 63 5 69 5 25 31 
Nonsensi- 
tized 150 0 149 99 1 0 1 


Note: Positive agglutination reaction—com- 
plete agglutination in 1:25 dilution. Positive 
allergic reaction—swellings of 1 cm. or more in 
diameter. 


44 were offspring from a herd which had not 
shown abortions or other evidence of Brucella 
infection. The agglutination test of the herd 
did not reveal any reactors. 

The histologic features of the local cellular 
reaction were studied in 17 swine, all negative 
to the agglutination test at the beginning of 
the experiment. Of these, 12 were subse- 
quently exposed to cultures of Br. suis or- 
ganisms by different methods as indicated in 
table 3. The 5 other swine were not exposed 
but were kept as controls to determine if non- 
sensitized animals would develop reactions 
after the injection of the skin-test materia!s 
employed in these studies. 

Methods.—In preliminary trials, the skin of 
the ear was used as a test site, but an area of 
the back, posterior to the shoulder region, 
proved to be a much more satisfactory site 
for the injections. The use of the shoulder 
area facilitated both the introduction of the 
diagnostic agents and the interpretation of 
the results. Whenever possible, nonpigmented 
areas of the skin were selected for the in- 
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‘ections in order that slight degrees of ery- 
na could be more readily observed. 
sefore the skin-test materials were injected, 
the area was prepared by clipping the hair 
with an electric clipper and lightly swabbing 
the site with 70 per cent alcohol, taking care 


— 


Fig. |—Test site in the ear showing a 72-hour re- 

after injection with SNP. Note extensive 

edema, dilated skin glands, and mononuclear reaction 
in the thickened layer. x23. 


action 


t to irritate the skin. A dose of 0.2 cc. of 
each fraction was injected intracutaneously, 
using a 2 ec., Record-type syringe and a 22- 
gauge, curved hypodermic needle. A similar 
injection of physiologic salt solution was used 

determine if such an injection would elicit 
a reaction in the tissues of sensitized swine. 
The injections were spaced approximately 3 in. 
apart. 

The injected sites were examined forty-eight 
hours after the introduction of the skin-test 
materials. Swellings of 1 cm. or more in 
iliameter with erythema, when discernible, were 
regarded as evidence of a positive reaction. 
nimals that showed reactions less than 1 cm. 

diameter were considered negative. 

At the autopsies, tissues were obtained from 
the reactive areas of 11 animals for histologic 
examinations. The test sites represented re- 
actions in periods ranging from one to twenty- 
three days after the injection of the skin-test 
materials. Efforts were made to include the 
entire reactive area in the blocks of tissue 
removed from each test site. In 3 of the 11 


animals, the injections were made into the 
skin of the ear, using only the SNP fraction. 
In the 8 remaining animals, the injections 
of both fractions were made into the skin of 
the upper shoulder region. 

The early phases of the local cellular re- 


Fig. 2—SNP test site twenty-four hours old showing 
perivascular infiltration with polymorphonuclear and 
some mononuclear cells and considerable edema. x450. 


action resulting from the injection of the SNP 
fraction were studied in 1 animal. This was 
accomplished by means of biopsy sections taken 
at six, twenty-four, forty-eight, seventy-two, 
and ninety-six hours after the injection of 
this fraction. The area surrounding the tissue 
to be excised was anesthetized with epidurasol.' 
Cubes of tissue approximately 5 mm. were ex- 
cised with a scalpel from the test sites. 

The same biopsy technique was used to 
study the effect of injecting the test materials 
into the skin of nonsensitized animals. Test 
sites were prepared by giving each of 5 swine 
two injections of the SNP and CA fraction. 
Thus, each animal provided biopsies of the 
test site of each fraction forty-eight and 
seventy-two hours after injection. 

All cubes of tissue were fixed in 10 per 
cent formol, and a portion of those obtained 
by biopsy were also fixed in Bouin’s fluid. 
The tissues were embedded in paraffin and 
stained with hematoxylin and phloxine. 


*This preparation contains 
cain hydrochloride. 


2.5 per cent pro- 


~ 
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RESULTS 


The reactions in the skin were character- 
ized by elevated areas which showed pro- 
nounced induration and ranged from 1 to 
5 cm. in diameter. Erythema was commonly 


Fig. 3—SNP test site forty-eight hours old showing 
increase in mononuclear cells in the infiltrate. 550. 


found in nonpigmented skin. The swellings 
were diffuse rather than nodular, possibly 
due to the compact nature of swine skin. 
Occasionally, there was a slight necrosis of 
the surface epithelium, sometimes asso- 
ciated with an oozing of the sanguineous 
fluid, but extensive sloughing of the skin 
was not observed. In sensitized animals, the 
reactive process was usually evident at 
twenty-four hours and appeared to reach its 
height at forty-eight hours after the diag- 
nostic agents were injected. By the fourth 
or fifth day, many of the reactions had 
subsided, and the test sites appeared prac- 
tically normal. 

Comparison of the results of the agglu- 
tination tests with the allergic responses in 
the various groups of animals are sum- 
marized in tables 1 and 2. For the purpose 
of these comparisons, the reactions were 


classified either as positive or negative for 
each test. The comparisons were based on 
the result of a single application of these 
tests to each animal. Blood serums showing 
complete agglutination in the 1 : 25 dilution 


Fig. 4—SNP test site seventy-two hours old in non- 
sensitized hog. Note absence of a definite reactive 
process. x80. 


were regarded as positive. As previously 
indicated, the allergic responses with either 
the SNP or CA fraction were considered 
positive when the test sites showed swellings 
of 1 cm. or more in diameter. 

In table 1, the results in the naturally 
sensitized animals indicate that the tests 
with the SNP fraction gave more positive 
reactions than the agglutination test. One 
herd in this group, numbering 44 immature 
swine, had 36 positive by allergy and 17 
positive by the agglutination test. In an- 
other herd of 43 mature swine, 16 were 
positive by the skin test and 20 by agglu- 
tination. The herd consisting mostly of 
young swine, therefore, showed a higher in- 
cidence of sensitization than the herd of 
older swine. 

The skin tests of the artificially sensitized 
group showed a higher incidence of sensiti- 
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zation with both fractions than was ob- 
served among the naturally sensitized 
animals. Of the 102 swine in this group, 
98 were injected simultaneously with the 
SNP and CA fractions. Only the SNP frac- 
tion was used in the 4 remaining animals, 
inasmuch as the tests were conducted in 
the skin of the ear. In 98 swine injected 
with the SNP and CA fractions, 93 de- 
veloped positive reactions with both of 
these materials, and 68 showed positive 
reactions to the agglutination test. 
Bacteriologic examinations of the circu- 
lating blood or tissues at autopsy resulted 
in a total of 72 isolations of Br. suis in the 
98 swine of the artificially sensitized group, 
which were tested with both the SNP and 
CA fractions. Of these 72 isolations, 64 
were from the circulating blood only, and 
eight were from the tissues at autopsy. 
The isolations from the circulating blood 
were accomplished at periods ranging from 
nineteen days to one year prior to the ap- 
plication of the skin tests. All the isolations 
at autopsy were made within twenty-three 
days after the injection of the skin-test 


materials except in 1 animal from which 
Br. suis was isolated 191 days after the 
tests were made. Brucella suis was isolated 
from the circulating blood of 14 swine that 
were positive by allergy but negative by 
agglutination. The isolations from these 
animals were made eighty-eight to 159 
days prior to the injection of the skin- 
test materials. 

Among the animals considered as non- 
sensitized, more evidence of reaction was 
observed by means of the SNP injections 
than was shown with the CA fraction. Of 
the 150 animals tested, 16 showed positive 
reactions to the SNP but none to the CA 
fraction. In addition, the injections of SNP 
produced slight swellings in 26 swine, 
whereas, the CA fraction elicited only seven 
such reactions. 

The agreement betwecn the results with 
the SNP fraction and the agglutination test 
was about the same in the naturally and 
artificially sensitized groups (table 1). In 
the artificially sensitized animals, the re- 
sults of the tests with the SNP and CA 
fractions showed approximately the same 


TABLE 3—Summary of Data of Brucella-Sensitized Swine from Which 
Skin Reactions Were Studied Histologically 


Sensitization 


Degree of 


data cellular reactiont 
- Br. suis 
Age* Age. isolations 
(mo.) titer§ 
Age 
No Ss Methodt Dose (da.) SNP CA jlood Tissues 
3 5 LV. 9x108 1 + +400 + 
2 3 5 Prep. 3x105 3 + +25 : 
3 5 Rect. 15x108 3 +- +50 
3 15 Vag. 3x108 3 +++ +++ + 25 +- 
5 3 15 Rect. 3x108 4 +++ ++ 4 +25 +- 
3 15 Oral 15x108 5 +++ + +50 +- - 
7 17 23 Oral 1x108 7 + 4 + + +25 ! 
8 6 11 Oral 1x10* 17 +- - —25 + 
Oral 1x108 
12 17 Vag. 1x108 20 +50 4 
Oral 1x10* 
Vag. 4x10* 
) 12 15 Conj. 2x10' 23 ++ ++ +25 } 
Oral 1x108 
Vag. 4x108 
12 15 Conj. 2x10' 23 25 
2 1”? 15 Oral Ab. Mat 2 +--+ + és 1-400 + 4 
3 3 10 Cont. Cont. 3 — - —25 -- 
{ 3 10 Cont. Cont 3 _ + —25 — 
5 3 10 Cont. Cont 3 _ _ —25 _ 
6 3 10 Cont. Cont 3 +25 
7 3 10 Cont. Cont. 3 — — +25 _ 
*Ages: S=age when sensitized: T=age when skin tests were applied. tMethods of 
sensitization: I.V.=intravenous; Prep.=preputial; Rect.=rectal; Vag.=vaginal; Conj.= 


conjunctival; Ab. Mat.=aborted material; Cont.—control. {Degree of allergic responses: 
— = no definite evidence of reaction. + = slight polymorphonuclear or mononuclear 
infiltration of the cutis or subcutis or both. + + = moderate degree of cellular infiltra- 
tion with moderate degree of edema and hyperemia and small necrobiotic foci in the sur- 
face epithelium. +++-=-marked cellular infiltration, hyperemia and edema, extensive 
endarteritis, and well-marked necrosis §SAgglutination re- 
actions: — = negative; + = incomplete; 


of the surface epithelium. 


complete. 
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agreement with the results of the agglu- 
tination test. In the nonsensitized group, 
the discrepancy between the allergic re- 
sponses and the agglutination tests was 
more pronounced with the SNP than the 
CA fraction. 


Fig. 5—SNP test site seventy-two hours old showing 
extensive perivascular infiltration with mononuclear 
cells in the subcutis. x80. 


Observatfons on the agglutination titers 


after the injection of the skin-test materials 
indicated that, in the serums in which there 
was a rise in titer, the increase in agglu- 
tinins was of a transient nature. The re- 
sults of the agglutination tests of 62 arti- 
ficially sensitized swine, one to six weeks 
after the application of the allergic tests, 
showed a rise of the serum titers in 20 
animals. The increase in agglutinins usu- 
ally occurred in one or two dilutions above 
the existing titer. Six weeks later, the ag- 
glutination tests of 14 of these 20 swine 
showed that the titers in 10 had receded to 
the levels present when the skin-test ma- 
terials were injected. In the nonsensitized 
group, the agglutination titers in 102 ani- 
mals were observed nine days to three 
weeks after the allergic tests were con- 
ducted. The results showed a development 
of incomplete or complete agglutination re- 


actions in the 1. : 25 or 1 : 50 dilutions in 
17 animals. One month later, the results of 
the agglutination tests in 15 of these swine 
showed that the reactions had practically 
disappeared. 

An opportunity was afforded to observe 
the gross appearance of the reactive areas 
in the deeper layers of the skin in the 
animals from which tissues were obtained 
for histologic study. The size of the re- 
actions in the animals listed in table 3 
ranged from 1 to 6 cm. in diameter forty- 
eight hours after the injection of the test 
materials. In animal 2, no allergic response 
was obtained with either fraction. Visible 
evidence of reaction could not be detected 
earlier than twenty-four hours after the 
injections. Necrosis of the epithelium was 
observed in animals 5 and 6, four and five 
days, respectively, after the injections were 
made. Histologically, well-marked reactions 
were found in these tissues. At the height 
of the reaction, some test sites showed a 
marked reddening of the subcutaneous tis- 
sues extending as far as 22 mm. below the 
surface of the epithelium. The interming- 
ling of reddened areas and fatty tissue gave 
the cut surface a variegated appearance. 
After seven days, the intensity of the re- 
active process in the deeper layers of the 
skin had subsided. In 1 animal, evidence 
of reaction could still be observed on gross 
examination twenty-three days after the 
injections. 

The allergic response was not related to 
the interval between exposure (sensitiza- 
tion) and the application of the skin tests. 
Neither did age nor method of exposure 
bear any relationship to the severity of 
the reaction. For instance, in a group 
of 6, 3-month-old pigs, animals 4, 5, and 6, 
which were exposed to Br. suis through 
the vagina, the rectum, and the mouth, 
respectively, showed well-defined reactions 
to the injection of the test materials one 
year after exposure. This is in contrast 
with 3 other pigs of the same age (1, 2, 
and 3) which were tested two months after 
exposure but did not show reactions of a 
marked degree. These pigs were sensitized 
as a result of intravenous, preputial, and 
rectal exposures, respectively. Six older 
swine (7, 8, 9, 10, 11, and 12), which were 
sensitized through different channels as in- 
dicated: in table 3, all showed clinical re- 
actions of considerable intensity forty- 
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eivht hours after the injection of the test 
materials. Three of these animals (7, 10, 
and 12) also showed well-marked histologic 
reactions. In the other 3 (8, 9, and 11), 
the test sites were examined histologically 
seventeen, twenty, and twenty-three days, 
respectively, after the skin-test doses had 


Fig. 6—SNP test site seventy-two hours old showing 
epithelioid and giant cells in dense area of mononu- 
clear cells in the subcutis. «200. 


been injected. The reactions had consider- 
ably subsided. 

Brucella suis was demonstrated in 10 
of the 12 animals from which tissues were 
collected for histologic study (table 3). 
Well-defined allergic responses were ob- 
served in the 10 swine from which these 
isolations were made. In 2 of these animals 
1 and 12), the agglutination tests showed 
blood serum titers of 1 : 400 but, in the 
other 8, the titers did not exceed the 1 : 50 
dilution. From 3 of these 8 animals 
3, 9, and 10), the isolations were made 
from the tissues one, twenty, and twenty- 
three days, respectively, after the allergic 
tests were applied. In the 5 remaining 
swine (4, 5, 6, 7, and 8), the isolations 
were made from the bloodstream at the 
following periods prior to the application 


of the allergic tests: 297, 249, 297, 132, 
and 111 days, respectively. 

A total of 24 allergic reactions in the 
skin were studied histologically, 16 result- 
ing from injection with the SNP fraction 
and eight with the CA fraction. The local 
cellular reaction after the injection of both 
fractions was essentially the same, qualita- 
tively and quantitatively, in individual 
swine. 

The histologic features of the reactive 
process were observed at the following 
intervals after intracutaneous injections: 


Fig. 7—SNP test site seventeen days old showin 

epithelioid and giant cells surrounded by zone of 

lymphoid and mononuclear cells, suggestive of lupu; 
vulgaris type of reaction. x150. 


Siz-Hour Reactions.—One response to 
the SNP fraction was examined. The 
capillaries and small arteries of the super- 
ficial part of the cutis were hyperemic. A 
slight infiltration of the cutis with poly- 
morphonuclear leucocytes was observed. 

Twenty-Four-Hour Reactions.—Two re- 
sponses to the SNP fraction were ex- 
amined. One site showed a definite cellular 
infiltration which was predominantly poly- 
morphonuclear in type. The infiltrate was 
distributed in the spaces between the con- 


oe 
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nective tissue bundles especially in the ad- 
nexa of the larger blood vesels (fig. 2). 
A proliferative endarteritis was definitely 
evident in this phase of the reaction. In 
another site, the reactive area contained a 
considerable number of mononuclear cells 
among the polymorphonuclear leucocytes. 


Fig. 8—SNP test site twenty-three days old suggestive 

of Bazin type of reaction in subcutis. Note epithelioid, 

lymphoid, mononuclear, and giant cells around oc- 
cluded blood vessels. xI75. 


The connective tissue bundles of the cutis 
showed considerable edema. 

Forty-Eight-Hour Reactions. — One re- 
sponse to the SNP fraction was examined. 
The histologic features were essentially the 
same as were observed in the 24-hour re- 
actions (fig. 3). 

Seventy-Two-Hour Reactions.—Four re- 
sponses to the SNP fraction and one to the 
CA fraction were examined. The reactive 
process appeared to have attained its height 
in this period after the injection of the test 
materials. The cellular reaction was pre- 
dominantly mononuclear in type and also 
contained some lymphocytes and acidophilic 
granulocytes. The perivascular infiltration 


of the cutaneous layers gave the tissue a 
strikingly patchy appearance (fig. 5). The 
accumulation of cells was very dense not 
only in the cutis but also in the subcutaneous 
fat, which in swine is much more extensive 
than is usual in other species. Epithelioid 
cells and giant cells of the Langhans type 
were very evident in test sites injected with 
the SNP or CA fractions (fig. 6). One test 
site in the skin of the ear with the SNP 
fraction showed extensive edema between 
the connective tissue bundles of the cutis 
(fig. 1). Necrosis of the surface epithelium 
was observed in two responses to the SNP 
fraction. 

Four and Five-Day Reactions.—Three re- 
sponses to the SNP fraction and two to the 
CA fraction were examined. The reactive 
process was as well-defined as in the 72-hour 
reactions and contained essentially the same 
type of cells. In one response to the CA 
fraction, the giant cells were especially 
prominent. Acidophilic granulocytes were 
present in considerable numbers in the four- 
day-old reaction in the test sites of both 
fractions. The surface epithelium in these 
responses showed the most severe necrosis 
of all the test sites studied. 

Seven-Day Reactions.—One response to 
the SNP fraction and one to the CA fraction 
were examined. Both fractions produced 
reactions similar to those observed in the 
four- and five-day reactions, but the ne- 
crosis of the epithelium was not as ex- 
tensive. 

Seventeen-, Twenty-, and Twenty-Three- 
Day Reactions.—Four responses to the SNP 
fraction and four to. the CA fraction were 
examined. Except in two test sites, the re- 
actions had almost completely subsided. In 
1 animal, from which the tissues were ob- 
tained seventeen days after the application 
of the tests, the reactions to both fractions 
showed mononuclear infiltration and giant- 
cell formation similar to the cellular re- 
sponse in earlier reactions (fig. 7). In 
this phase of the reactive process, a well- 
defined obliterative endarteritis was ob- 
served in the deep portions of the subcutis 
(fig. 8 and 9). 

The tissues obtained by means of bi- 
opsies from the nonsensitized swine showed 
a polymorphonuclear infiltration of the 
cutis in the 48-hour test sites. However, 
very few leucocytes were observed in the 
test sites examined in the biopsies per- 
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formed seventy-two hours after the in- 
jection of the skin-test materials. 

The possible development of a cellular 
reaction after the intracutaneous injection 
of saline solution was studied in the skin 
of 8 swine (4 to 11 inclusive, table 3). 
Histologic sections of the tissues obtained 
from the test sites did not show any in- 
dications of a cellular response as a result 
of these injections. 


DISCUSSION 


The results of these studies do not war- 
rant definite conclusions regarding the use 
of allergic methods of testing in the diag- 
nosis of swine brucellosis. However, the 
results offer sufficient encouragement to 
justify further study of these methods. 
In the swine sensitized as a result of 
artificial exposure, the skin injections with 
both the SNP and CA fractions elicited 
positive reactions in an appreciable num- 
ber of animals in which the agglutination 
tests were negative. Brucella suis or- 
ganisms had been demonstrated in the 
bloodstream of these animals three to five 
months before the allergic skin tests were 
applied. Although the skin tests in the non- 
sensitized animals showed that- the SNP 
fraction elicited reactions in swine which 
were supposedly noninfected, the results 
with the CA fraction in this group cor- 
responded closely with the agglutination 
method. 

Histologically, Pascher, Sulzberger, and 
Satenstein” found that reactions to tuber- 
culin in human skin were characterized by 
a simple, or banal, inflammation during the 
first ten days. At least two weeks were 
required for the formation of tubercles 
and tuberculoid structures in the test sites. 
In the present studies in swine, a definite 
epithelioid and giant-cell formation was ob- 
served in the test sites seventy-two hours 
after the injection of the fractions (fig. 6). 
\n studies of the local cellular reaction after 
the injection of tuberculin in sensitized 
calves, Feldman and Fitch” reported that 
viant cells of the Langhans type were not 
vserved prior to five days after the ap- 
ication of the skin tests. 

The histologic features of the Brucella 
vllergie response in swine were suggestive 
f two types of reactions to tuberculin re- 
| orted by Pascher, Sulzberger, and Saten- 
‘ein.” One of these was the lupus vul- 
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garis type of reaction characterized by 
collections of epithelioid cells surrounded 
by lymphocytes and by some giant cells of 
the Langhans type (fig. 7). This reaction 
was observed in swine in the subcutis par- 
ticularly in the vicinity of blood vessels 
and adnexa. Another type of reaction, the 
erythema induratum (Bazin) type, was 


* 


Fig. 9—Same test site as in figure 7 showing oblitera- 
tive endarteritis in large artery of the subcutis. x80. 


characterized by collections of epithelioid 
cells with some lymphocytes, plasma cells, 
and giant cells surrounding the blood ves- 
sels in the deep cutis and subcutis. The 
blood vessels were involved in the inflam- 
matory process showing thickened walls, 
and the lumina were narrowed or occluded 
by a proliferation of the intima (fig. 8). 
Pascher, Sulzberger, and Satenstein” also 
found the granuloma annulare type of re- 
action characterized by a granular necrosis 
in the cutis surrounded by a peripheral 
wall of epithelioid cells and lymphocytes. 
This latter type of reaction was not ob- 
served in these studies in swine. 


SUMMARY 


1) A state of allergy was demonstrated 
by means of two fractions of Brucella suis 
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organisms in swine sensitized as a result 
of exposure to natural and artificial in- 
fection. One of these fractions was a 
soluble nucleoprotein (SNP) of the bacter- 
ial cells, and the other was a purified Bru- 
cella protein (CA) prepared by repeated 
acid precipitation of the filtrate of the 
organisms grown in liver broth. 

2) In a herd of swine, which had been 
recently sensitized by natural exposure, 
the SNP revealed reactions in more animals 
than the agglutination test. In another 
naturally sensitized herd, consisting of older 
swine, the agglutination test revealed more 
reactors than the SNP fraction. 

3) The results of allergic tests with both 
fractions were compared with the results 
of the agglutination tests in a group of 98 
artificially sensitized swine. The skin tests 
revealed positive reactions in 93 swine, 
whereas 68 were classified as reactors by 
the agglutination tests. 

4) The SNP elicited more reactions than 
the purified Brucella protein in 150 non- 
sensitized swine. 

5) Injections of the skin-test materials 
produced a rise in the agglutinin titer in 
some swine. However, there was no in- 
dication that this increase in agglutinins 
persisted for a considerable length of time. 

6) The histologic features of the allergic 
response were essentially the same with 
both fractions employed for skin tests. 
During the first forty-eight hours after 
the injection of the fractions into the skin 
of sensitized swine, the cellular reaction 
was predominantly polymorphonuclear in 
type. After seventy-two hours, the cellular 
infiltrate was composed mainly of mono- 
nuclear cells. Epithelioid and giant cells 
were apparent in the 72-hour test sites. 

7) Histologically, the reactive process 
could still be observed in test sites twenty- 
three days after the injection of the skin- 
test materials. 

8) Intracutaneous injections of the skin- 
test materials into the skin of nonsensitized 
swine provoked only slight cellular reactions 
in some animals after forty-eight hours. 
After seventy-two hours, evidence of cellu- 
lar reactions had disappeared. 
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Studies on Baby Pig Mortality. V. Relationship Between 
Age and Time of Onset of Acute Hypoglycemia in 
Fasting Newborn Pigs 


VERA M. HANAWALT, Ph.D., and JESSE SAMPSON, D.Y.M., Ph.D. 


Urbana, Illinois 


THE OCCURRENCE of spontaneous hypogly- 
cemia in newborn pigs was first reported 
by Graham, Sampson, and Hester in 1941.’ 
Subsequently, Sampson, Hester, and Gra- 
ham? found that healthy, newborn pigs are 
highly susceptible to the development of 
intense hypoglycemia when fasted at room 
temperature (approximately 25 C.) for 
only thirty to forty-eight hours. The cause 
of spontaneous hypoglycemia in newborn 
pigs has not been determined, but starva- 
tion associated with agalactia in the sow 
and digestive disturbances along with lack 
of normal gastric motility in the pig are 
believed to be important predisposing in- 
fluences.* 

The cause of death in insulin hypogly- 
cemia appears to be related to the inability 
of the brain to oxidize glucose on which 
its metabolism depends.‘ In this connec- 
tion, Himwich and coworkers’ report that 
oxygen consumption of the brain is re- 
duced to less than half in hypoglycemic 
convulsions, and Mann‘ points out that 
ylucose not only is needed for physiologic 
activity of the central nervous system but 
is essential for life itself. Mann concludes 
that in the higher organisms glucose “ap- 
pears to be as irreplaceable as oxygen.” 

In 1946, Ferris and Himwich' showed 
that the concentration of glycogen was 
lower in the higher areas of the central 
nervous system in newborn kittens than 
in kittens 6 1/2 weeks old, suggesting that 
i the adult the phyletically older regions 
are not as readily depleted of their car- 
) hydrate reserves. Furthermore, according 
t. these investigators, glycogen first dis- 
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appears from the medulla oblongata in 
newborn kittens during fasting and, since 
a number of vital centers are located in 
the medulla, this may explain why the 
fasting newborn kitten develops a rapidly 
fatal hypoglycemia when injected with in- 
sulin. 


METHODS 


The results reported in this paper were ob- 
tained in a study on the relationship between 
age and time of onset of acute hypoglycemia 
in fasting newborn pigs. The observations 
were made on six litters of pigs. Two healthy 
pigs were removed from a sow for each ex- 
periment at intervals ranging from zero to 
ten days after farrowing. In each trial, 2 
pigs taken from a sow were deprived of all 
food (water ad libitum) until they were in 
deep coma, at which time they were killed. 
Likewise, in each experiment, 2 litter mates 
were left with the sow to serve as controls. 
Both the control and experimental pigs were 
bled every twenty-four hours from the an- 
terior vena cava according to the technique 
of Carle and Dewhirst." Two cubic centi- 
meters of blood were collected over sodium 
fluoride at each bleeding, and the glucose 
concentration was determined by the Shaffer, 
Hartmann, Somogyi method as described by 
Koch.” Blood nonprotein nitrogen” and liver 
glycogen" also were determined for the ex- 
perimental pigs when they were killed. Room 
temperature was maintained at approximately 
25 C. throughout all trials. 


RESULTS 


In the first trial, 2 pigs were separated 
from a sow immediately after parturition 
without opportunity to nurse. The blood- 
glucose concentration dropped rapidly, and 
intense hypoglycemic coma developed in 
less than thirty hours, suggesting that the 
newborn pig, which has not had access 
to any food, is highly susceptible to acute 
hypoglycemia. The blood-glucose concen- 
tration decreased to approximately 10 mg. 
/ 100 ce. when these pigs were in coma, 
whereas the blood-sugar values for the 
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control pigs increased to over 100 mg. / 
4 100 ce. after they had nursed (fig. 1, 
graph I). When 2 pigs 24 hours old were 
removed from the sow and fasted, acute 
hypoglycemia was delayed and the sur- 
vival time was increased to almost three 
days. Even though these pigs had nursed 
only twenty-four hours, they were appreci- 
ably less susceptible to the onset of acute 
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hypoglycemia than pigs which had bee, 
deprived of all food (fig. 1, graph II). 
It was of interest to note that 2 pigs in 
a litter used in trial 3, which nursed two 
days before fasting was begun, failed to 
live quite as long as pigs which nursed 
only one day before they were subjected 
to complete inanition. Thus, it seems prob- 
able that 1- and 2-day-old pigs may be 
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about equally susceptible to the develop- 
ment of profound hypoglycemia (fig. 2, 
graph III). In contrast, pigs that were 
3 days old before nourishment ceased sur- 
vived slightly longer than pigs which 
nursed one or two days, for L: lived three 
and six tenths days and R: four and four 
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the other hand, the pigs were not removed 
from the sow until they were 5 days old, 
there was some extension of survival time 
during fasting, for R; lived almost a week 
without food. Pig R: died during the 
night and, therefore, data on this pig (fig. 
3, graph VI) are approximate only, as 


tenths days (fig. 2, graph IV). Newborn’ designated by question marks. When 2 
pigs left with the sow four days prior to experimental pigs were 6 days old before 
inanition tolerated a fast of approximately inanition commenced, both pigs maintained 
the same duration as 3-day-old pigs, as a blood glucose concentration between 70 
shown in figure 3, graph V. When, on and 85 mg. / 100 cc. for several days 
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before the value significantly decreased. 
Pig L: survived seven and six tenths days 
whereas L:R: lived nine and three tenths 
days. However, after the blood glucose fell 
below 50 mg. / 100 cc. the pigs soon 
passed into deep coma (fig. 4, graph VII). 
When pigs were a week old before they 
were fasted, the survival time was markedly 
lengthened and it was more difficult to 
produce dangerous hypoglycemia. Moreover, 
the decrease in concentration of blood glu- 
cose was more gradual. Pig L: lived a 
little over twelve days and R: survived 
thirteen and a half days (fig. 5, graph 
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eighth day tolerated a fast of almost the 
same duration as week-old pigs, for L. 
lived eleven days and R: fifteen and a half 
days, as shown in figure 6, graph IX. 
When pigs were 9 days old prior to inani- 
tion, a fast of fifteen to twenty days was 
endured before fatal hypoglycemia de- 
veloped. It was interesting to note that 
1 pig (L:) survived over a week with a 
blood-glucose concentration below 30 mg. 
/ 100 cc. Three days before death, the 
value fell to 15.82 mg. of glucose / 100 
cc. of blood. This value then rose slightly 
but three days later, when this pig was in 


Fig. 3 (graphs V and VI). 


VIII). Pigs taken from the sow on the coma, the concentration again dropped to 
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the same low level. This particular pig 
lost considerable weight during the fast 
and appeared unusually emaciated but was 
observed to be lively and alert when 
handled. The data for this pig are shown in 
figure 7, graph X. The experiment termi- 
nated when 2, 10-day-old pigs were fasted 
until they were in coma. Both pigs were 
highly refractory to the onset of acute 
hypoglycemia, for L: survived seventeen 
days and L:R: lived twenty-two and three 
tenths days without any nourishment (fig. 
8, graph XI). 

Loss in body weight of the fasted pigs 
varied from 10 to 54 per cent and was in- 
creasingly higher as the time of survival 
lengthened. Blood nonprotein nitrogen 


values rose near the termination of the 
fasts. Determinations for hepatic glycogen 
revealed that only a trace of reserve car- 
bohydrate was present in the livers of the 
fasted pigs. As no gross pathologic changes 
were observed at autopsy, histopathologic 
studies were omitted. 


SUMMARY 


The results of a study on the relationship 
between age and time of onset of acute 
hypoglycemia in newborn pigs seem to 
indicate that young pigs are not only highly 
susceptible to acute hypoglycemia immedi- 
ately after birth, but the entire first week 
constitutes a critical period, especially if 
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The Interpretation of Whey Agglutination Test Results 


in Cows Vaccinated with Brucella Abortus Strain 19 


J. TRAUM, D.V.M., and W. E. MADERIOUS, D.V.M. 
Berkeley, California 


THE WIDESPREAD use of Brucella abortus 
strain 19 vaccine has somewhat clouded the 
interpretation of blood-serum agglutina- 
tion test results in vaccinated cattle be- 
cause of the persistence of an agglutination 
titer for a variable period following vac- 
cination. The result has been a need for 
a practical means of differentiating vac- 
cinated from infected animals in a given 
group of reactors to the blood-serum ag- 
glutination test. 

It has been established* that one of the 
characteristics of virulent strains of Br. 
abortus is a tendency to localize within 
the bovine udder. In addition, various re- 
search workers have investigated the di- 
agnostic possibilities of the whey or milk- 
serum agglutination test in unvaccinated 
cattle. The results of this work have, in 
general, shown the whey agglutination test 
to be of value for the diagnosis of bovine 
Br. abortus infections, although Huddleson’ 
states he has been unable to obtain re- 
liable results by this method. 

While until the present, no direct and com- 
plete study has been made of the effect of 
strain 19 vaccination on the udder secretion, 
bacteriologic culture of milk samples drawn 
from vaccinated cows has only rarely 
yielded strain 19. In this laboratory, bac- 
teriologic culture or guinea-pig inoculation, 
or both, of several thousand milk samples 
obtained from vaccinated cows has estab- 
lished the presence of strain 19 on only 
two occasions. The most recent series of 
over 5,000 samples, for instance, has not 
yielded strain 19 in any case. These ob- 
servations indicated that a method for the 
differentiation of vaccination with strain 
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19 from active infection might be developed 
by the use of the whey agglutination test, 
provided it could be determined that the 
presence of whey agglutinins in vaccinated 
animals is correlated only with virulent 
mammary infection. 

The first phase of the current investigation 
was directed toward determining the post- 
vaccination influence of strain 19 on the bo- 
vine udder. In four herds, 50 cows were se- 
lected from groups which had been found 
negative to the blood-serum agglutination 
test. Quarter samples from the udder of 
each animal were proved negative for Br. 
abortus by cooked blood, agar-plate culture, 
and guinea-pig inoculation. In addition, no 
quarter was found to be within the positive, 
diagnostic range of the whey agglutination 
test, since whey from only 1 animal provided 
complete agglutination of Br. abortus at di- 
lutions as high as 1:12.5. The test animals 
were then injected subcutaneously with doses 
of strain 19 vaccine ranging from 40 billion 
to 100 billion viable organisms. 

Milk samples were collected biweekly from 
all vaccinated animals and were subjected 
to agar-plate culture, guinea-pig inoculation, 
and the whey-agglutination test. The initial 
sampling was usually made at from seven 
to ten days after vaccination, and the peri- 
odic examination was continued for several 
months. 

As illustrated in table 1, each animal showed 
a temporary rise in the whey titer following 
vaccination. This titer usually did not go 
higher than 1:25 or 1:50, although in a 
few cases, titers of 1:100 and 1:200 in in- 
dividual quarters were recorded. In nearly 
every case, the whey titers had receded to 
negative within three months after vaccina- 
tion, although the animals remained positive 
blood test reactors. A further persistence of 
the whey titer was found in 2 animals, but 
it was felt that this was due to the fact the 
particular animals involved were drying prior 
to parturition. At no time during this in- 
vestigation was strain 19 isolated from the 
milk of any animal studied. 

The methods used for the culture and whey 
testing of milk samples throughout the in- 
vestigation centered around the procedures 
followed in this laboratory for many years. 
Foremilk from each quarter was collected 
into individual sterile, 2-o0z., screw-capped 
bottles containing sufficient boric acid to give 
a final concentration of 1 per cent.“ Quarter 
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samples were used rather than composites, 
because of the known variation in titer of 
milk samples from the various quarters of 
a single udder, and the possibility of milk 
from negative or low titer quarters masking 
the presence of agglutinins in quarters having 
relatively high agglutination titers." "° When- 
ever possible, the use of colostrum was avoided. 

Milk samples were allowed to remain under 
refrigeration until gravity cream had risen, 


TABLE I1—Representative Types of Persistence of Whey 
Agglutinins in High Titer Quarters of Individual 
Udders, Following Vaccination with Strain 19 


Cow no, 1 2 3 4 5 6 


Post 20 
vacci- da. 1:100 1:50 1:50 1:50 1:25 1:200 
nation — -- 
whey 60 


whereupon, cream from each sample was 
streaked on individual plates of cooked blood 
agar containing 1 : 200,000 gentian violet. A 
simple technique was used for the transfer 
of cream to agar plates, which largely elim- 
inated difficulties previously encountered in 
this regard. In was found that a _ thin 
layer of cream could be easily picked off 
the top of refrigerated milk by means of a 
small, sterile, cotton swab attached to an 
applicator stick. The swab was introduced 
into the cream mass and rotated slowly, 
whereupon, the cream collected on the cotton. 
Plates were then streaked with the swab. 
Inoculated plates were incubated under 10 
per cent carbon dioxide tension at 37.5 C. 
for ninety-six hours. 

After the inoculation of agar plates, a 70- 
to 80-cc. composite was made of the four 
milk samples from each animal. Guinea-pig 
inoculations were then made with 2 cc. of 
centrifuged cream and sediment from this 
composite, following the method of Henry, 
Traum, and Haring.’ Autopsies on guinea 
pigs were made six weeks following inoc- 
ulation, and cultures were made from the 
spleen of each. In addition, blood serum 
from each guinea pig was subjected to the 
Brucella agglutination test. 

The whey agglutination test was performed 
on milk from each quarter of every udder 
studied. Whey was obtained as described by 
Henry, Haring, and Traum.’ The standard 
tube agglutination test was then performed, 
using antigen of a turbidity of approximately 
Gates 4. Routine dilutions were 1: 12.5, 
1:25, 1:50, and 1:100. If necessary, the 
test was repeated, using further whey dilu- 
tions until the end titer for each quarter 
was finally determined. 

Since results of this investigation provided 
additional proof that vaccination with Br. 
abortus strain 19 is not followed by udder 
infection with vaccine strains, and since it 
was determined that vaccination is followed 
by only the temporary presence of udder ag- 
giutinins, it was thought the whey agglutina- 


tion test might be of value for the differ- 
entiation of infected and vaccinated blood test 
reactors, if employed in vaccinated animals 
at periods three months or longer after vac- 
cination. Consequently, a second part of the 
research problem consisted of the investigation 
of the use of the whey test as a means of 
determining the exact status of problem cows 
which were known to have been vaccinated, 
but which were under some suspicion of su- 
perimposed virulent infection. 

All animals studied in the second phase of 
the investigation had been vaccinated with 
Br. abortus strain 19 at least three months 
previously. Cows were included which had 
been vaccinated as adults as well as those 
vaccinated in calfhood. In addition, some 
of these animals had been revaccinated as 
adults following calfhood vaccination. A 
great many of the cows were positive re- 
actors to the blood-serum agglutination test, 
and most were under some suspicion of active 
Brucella infection because of persistent or 
rising blood titer, abortion, retained placenta, 
the birth of a weak or premature calf, or 
exposure to infected animals. 

Milk samples from all animals were cul- 
tured, inoculated into guinea pigs, and sub- 


TABLE 2—Relation of Maximum Whey Agglutination 
Titer of Any Quarter of Udder to Brucella-Shedder 
Condition in Same Udder 


All animals vaccinated at least 
three months previously 


No. 
udders pos. % pos. 


Titer of highest No. virulent virulent 


quarterinudder udders Brucella Brucella 
Neg. at 
1:12.5 206 2* 0.97 
10 
12 12 100.0 
1:400° 15 mae 
1:1,600 3 100.0 
438,200 1 
1:6,400 ‘PS 100.0 


*An organism apparently identical with Bru- 
cella melitensis Was isolated from one of these 
udders. 


jected to the whey agglutination test as 
previously described. 

Brucella-like colonies picked from direct 
culture of milk samples or from the spleens 
of inoculated guinea pigs were Gram-stained, 
tested for growth under aérobic conditions 
and under increased carbon dioxide tension, 
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following which they were used as antigens 
for the agglutination test on known positive 
and negative serums. Cultures showing satis- 
factory growth only under increased carbon 
dioxide tension were then typed as Br. abortus. 
Any culture showing a tendency to grow 
aérobically was subjected to a series of de- 
terminations proper to its ultimate typing 
as another species or strain of Brucella. 
Current investigations of Brucella-infected 
milk have not revealed the presence of Bru- 
cella suis or strain 19, although an organism 
apparently identical with Brucella melitensis 
was isolated from 1 animal. It is interesting 
to note that the cow found to be shedding this 
organism had a blood titer of only 1 : 50 and 
a whey titer of negative at 1:12.5. Only 
one test was conducted on this animal. 


RESULTS 


Complete results are now available 01. 
the first 342 animals tested in this manner, 
although a greater number is currently 
under investigation. The findings are sum- 
marized in table 2. It will be noted that 
a whey titer of 1:50 or higher in one o: 
more quarters is almost definitely indicative 
of infection. An important percentage 
(37.0) of those animals having a high titer 
of 1: 25 in any one of the udder quarters 
were also infected; hence, it would seem 
that any animal having a whey titer of 
1 : 25 in any quarter should be under sus- 
picion of shedding Br. abortus in her milk. 


SUMMARY 


1) Agglutinins in low levels were found 
to be present in milk of vaccinated cows for 
periods up to three months after strain 19 
vaccination. 

2) Strain 19 was not recovered from 
milk samples obtained from these udders, 
suggesting diffusion of agglutinins from 
the blood stream, rather than agglutino- 
genesis within the udder. 

3) Studies on 342 cows indicate that the 
whey test is an aid in the diagnosis of 
udder infection in vaccinated cows when 


applied at periods three months and longer 
after vaccination. It is not an accurate 
method of diagnosing udder infection in 
the immediate postvaccination period. 

4) Since the whey test appears a prac- 
tical method of diagnosing udder infections 
except within the three-month period im- 
mediately following vaccination, regardless 
of varying levels of blood-serum agglut- 
inins, it would appear to be a promising 
aid in the differentiation of healthy vac- 
cinated and virulently infected blood test 
reactors. 
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A Clue to the Cause of Milk Fever in the Metabolism 
of the Springing Cow 


A. H. CRAIGE, Jr., V.M.D. 


Indianapolis, Indiana 


BOVINE MILK FEVER appears to be a result 
of physiologic disturbances attending par- 
turition and the onset of lactation. The 
observations and experiments reviewed in 
this report suggest that the fundamental 
disturbance responsible for milk fever is 
alkalosis. The possible causes of a par- 
turient alkalosis are considered, and at- 
tention is given to artificial acidifying as 
a means of treatment. 

Milk fever is a disease of parturient 
cows, usually manifested during the forty- 
eight hours immediately following calving, 
although occasional cases occur before and 
after that period. It is characterized by 
sudden collapse, with coma and general 
paralysis. Several theories have been ad- 
vanced as to its cause. 

Prior to the introduction of udder in- 
flation by Schmidt in 1897, milk fever 
was regarded as due to toxemia of uterine 
origin. Schmidt believed the symptoms to 
be evoked by toxemia of mammary source, 
induced by bacterial growth or autolysis 
of secretions.. The fact that the injection 
of air into the mammary ducts served as 
effectively to alleviate the symptoms as the 
injection of antiseptic solutions refuted 
Schmidt’s explanation, without minimizing 
the importance of his discovery. 

Hypocaleemia was recognized as a char- 
acteristic symptom of milk fever inde- 
pendently by Little and Wright’ and by 
Dryerre and Grieg’ in 1925. This dis- 
covery led to the use of intravenous in- 
jections of calcium as standard therapy. 
Dryerre and Grieg attributed the hypo- 
calcemia to a disturbance in the parathy- 
roid gland. They based their theory on a 
similarity between the plasma calcium levels 
and some of the other symptoms of milk 


\t the time this work was done, Dr. Craige 
was with Pitman-Moore Company, Division of 
\llied Laboratories, Inc., Indianapolis. He is 
how with the Maryland Live Stock Sanitary 
Service, University of Maryland, College Park. 


fever, and those of hypoparathyroidism in 
laboratory animals and man. 

Harding has attempted to interpret the 
changes in milk fever as primarily due to 
anhydremia.* Another theory, based upon 
a similarity between the symptoms of milk 
fever and those of insulin shock, attributed 
the disease to hypoglycemia. This was re- 
futed by the studies of Fish, who reported 
high blood sugar levels during attacks of 
milk fever.* 


PROCEDURE 


The animals used in this study were mostly 
low producers, although some had been pro- 
fitable milk cows on previous lactations. Most 
of them had been released by their owners 
because of advanced mammary damage or 
other cause of unprofitableness. Accordingly, 
these cows were scarcely the type commonly 
associated with milk fever, because of their 
low production. Throughout the period of this 
investigation, they remained in the stable and 
were fed mixed hay and a commercial grain 
mixture. Because of labor shortage, those 
lactating were milked at 8 a.m. and 4 p.m., 
rather than at the customary twelve-hour 
interval. 

Blood specimens were drawn from the jug- 
ular vein with a minimum of obstruction to 
the blood flow. For calcium and inorganic 
phosphorus determinations, blood was col- 
lected in dry test tubes previously rinsed with 
distilled water, and after the blood had clotted, 
they were placed in an incubator for approx- 
imately an hour to expedite the release of 
serum. Serum calcium was assayed following 
the Clark and Collip modification of the Tis- 
dall method.’ For inorganic phosphorus, the 
Youngburg procedure was employed.’ Plasma 
was obtained by siphoning blood from the 
jugular vein into oxalate under oil, after 
which it was centrifuged immediately. Plasma 
carbon dioxide capacity was determined by 
the method of Van Slyke and Cullen,* and 
the chlorides in the plasma and milk by open 
carious digestion according to Van Slyke.” 
The pH of urine and milk was determined 
electrometrically by the use of the glass elec- 
trode (Beckman). 

In view of the tendency for reciprocal fluc- 
tuations in blood calcium and inorganic phos- 
phorus levels, methods are being studied for 
coordinating these data to facilitate clinical 
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interpretation. The procedure followed in 
these studies was simply to add the calcium 
and inorganic phosphorus levels (expressed 
as mg. / 100 cc. of serum) and compare the 
resulting sum with that observed normally. 
From limited observation, it appears that a 
value for the equation, Ca + P, greater than 
13 may be regarded a priori as normal, so 
long as concentrations of the individual ele- 
ments are not grossly altered and the pro- 
portion of Ca: P is at least 1.5:1. 

After preliminary experiments with various 
alkaline salts, further studies were confined 
to sodium carbonate. The monohydrate, Na, 
CO: - H:0, was used throughout, and all dose 
figures refer to this salt. Acidifying was 
accomplished by administering Chlor-Etha- 
mine (Pitman-Moore Company brand of ethy- 
lenediamine dihydrochloride). Oral adminis- 
tration of both salts was by drench, using 
from 1 to 3 qt. of water, depending on the 
size of the dose. 


PRELIMINARY OBSERVATIONS 


On the assumption that milk fever re- 
sults from physiologic processes initiated 


TABLE !|—Effects of Parturition on 


at the time of parturition, data on blood 
chemistry were collected from a series of 
freshening cows. These data are presented 
in table 1. All these cows calved normally 
and showed no evidence of milk fever, 
except 23 and 27, both of which had his- 
tories of milk fever at previous calvings. 
Both of these cows were moderately de- 
pressed for a few days after parturition, 
although neither developed definite symp- 
toms of milk fever during this study. 
It is evident from a study of table | 
that every cow showed some reduction in 
blood calcium during the parturient period. 
Inorganic phosphorus also was _ reduced. 
Maximal reductions occurred from five days 
before, to five days after, calving, and 
they varied considerably in duration. In 
cow 26, the reduction persisted from the 
day of calving for three days, with cal- 
cium and phosphorus normal by the sixth 
day. Cow 22, on the other hand, showed 


the Blood Chemistry of the Cow 


Milk Urine 


Serum Plasma 
P cl Cl 
(Mg. / (Mg. / CO, (Mg. / (Mg. / 
Cow Calved Tested 100 cc.) 100 cc.) Ca+P (%) 100cc.) pH 100cc.) pH 
16 10-25-44 10-26 1.5 3.1 10.6 
10-31 9.8 4.2 14.0 
11-14 8.8 4.8 13.6 
11-21 9.6 4.7 14.3 
Si... 9.3 4.2 13.5 
11-23 9.2 3.7 12.9 
11-28 7.7 3.5 11.2 8.5 
12-13 8.4 48 13.2 8.4 
12-18 8.1 3.8 11.9 8.2 
99 11-21-44 11-16 8.7 2.7 11.4 
11-21 10.2 5.0 15.2 
11-22 10.2 51 15.3 
11-28 10.4 12 14.6 8.3 
93 9-4-45 12-21-44 8.6 5.9 14.5 
2- 5-45 7.2 2.7 9.9 
2- 7 6.8 3.2 10.0 
2-12 7.9 4.0 11.9 
4-17 8.9 3.8 12.7 50 286 
5-13-45 4-17. “10.2 5.5 15.7 50 345 8.6 
4-24 9.4 5.9 15.3 54 355 8.7 
5-15 8.2 4.6 12.8 57 335 5.8* 297° 6.3 
5-18 8.0 41 12.1 59 350 * 
5-23 8.7 5.1 13.8 54 355 6.6* 184% 6.9 
25 5-15-45 4-24 9.9 4.6 14.5 55 55 4 8.1 
5-15 8.6 3.2 11.8 60 340 5.8 
5-17 9.5 5.0 14.5 67 320 6.0 236 6.6 
5-23 10.2 4.6 14.8 61 349 6.5 189 6.6 
26 5-27-45 5-20 10.0 5.4 15.4 54 350 6.2 204 
5-23 9.4 5.1 14.5 55 389 6.3 214 6.7 
5-27 8.1 2:3 10.4 60 362 6.2 176 
5-28 7.8 3.5 11.3 51 365 6.0 140 6.9 
é- 5 9.9 3.9 13.8 67 349 6.8 168 
27 6-17-45 5-15 9.3 4.5 13.8 61 346 a 
6- 7 9.3 3.3 12.6 58 368 6.2 249 
6-18 71 3.0 10.1 55 353 5.4 164 


*Mixed milk from 3 quarters; RH, mastitis, had higher pH and Cl. 
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relatively low calcium and phosphorus levels 
five days preceding calving, but normal 
levels were restored by the time of par- 
turition. Of the 8 cases studied, 6 re- 
vealed maximal reduction in calcium and 
phosphorus within forty-eight hours after 
calving, coinciding with the usual occur- 
rence of milk fever. 

Other writers have called attention to 
a reduction in the calcium and inorganic 
phosphorus levels in the blood of cows at 
parturition, although the reductions they 
reported were generally not so marked as 
we encountered.’ Since these reduc- 
tions coincide with the onset of milk fever, 
it seems reasonable to suspect that they 
betray a physiologic process capable of 
eliciting even greater reductions in blood 
calcium and phosphorus. Thus, it appears 
logical to assume tentatively that milk 
fever is the result of a physiologic process 
common to all cows at parturition, but 
which in most cows is either insufficiently 
pronounced or effectively counteracted, so 
that extreme reductions in blood calcium 
and phosphorus do not occur more often. 

It is customary to regard milk fever 
as a disease of specialization. High pro- 
ducing cows are its victims. In this con- 
nection, it is interesting to read the com- 
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ment by the writers of “Hutyra and Ma- 
rek,” 1926 edition’: “The time when the 
disease [milk fever] became known cor- 
responds with the period when it became 
customary to feed milk cows more gener- 
ously with the object of increasing the 
milk production. Together with the popu- 
larization of the intensive feeding of cows, 
the cases of disease also increased... .” 
High producers not only produce more milk 
than low producers, but obviously they 
eat more feed. Since the hays, grasses, 
and other roughages which comprise the 
major part of the ration are predominantly 
alkaline feeds (i.e., yield an alkaline ash), 
it follows that the high producer tends 
to ingest more alkali (i.e., excess ove. 
acidic concentrates) than the low producer. 

Furthermore, since milk normally is 
slightly acid (pH 6 to 7), and colostrum 
even more acid (pH less than 6),” it may 
be concluded that the high producer loses 
more acids by excretion into the milk 
than does the low producer. Unfortunately, 
examinations of milk and urine in this 
study were sporadic and incomplete. It 
appears, however, from the limited data 
presented in table 1, that the period of 
maximal reduction in the blood calcium 
level coincides with the lowest pH of the 


TABLE 2—Experiment 1, Sodium Carbonate Intravenously in a Normal, Nonparturient Cow 


Cow 16, purebred Jersey, wt. 335 keg. 


Cz 
Date (Me. / (Mg. / Urine Resp- Observations 
1944 Time 100 ec.) 100 ce.) pH Pulse iration 
2-13 10.15 9.0 4.8 8.0 84 21 Normal. 
11.03 Began injecting Na,CO,-H,O, 26.8 
Gm, in 1,000 cc, water (80 meg. 
/ kg.). 
11.09 Completed injecting 230 cc.; slight 
incoérdination. 
11.19 66 24 Pulse strong, full. 
11.64 8.2 72 18 Pulse and respiration normal. 
12.03 8.8 4.8 Began injecting same solution. 
12.11 Completed injection (270 ec.). 
12.18 62 Normal, ruminating. 
13.13 8.7 4.5 8.2 Began injecting same solution. 
13.18 Completed injection (250 ce.). 
13.24 60 36 Respirations slightly deeper. 
14.38 8.8 3.5 8.3 66 36 Began injecting same solution. 
14.43 Completed injection (250 cc.). 
15.00 70 38 Appeared normal; eating. 
16.03 8.2 4.1 8.7 74 40 Appeared normal. 
17.35 8.2 4.1 7.9 86 48 Respirations deeper; feces dry. 
19.00 7.5 72 44 Appeared normal. 
19.29 8.4 4.2 Appeared normal. 
2-14 10.00 8.0 66 32. Appeared normal. 
11.03 8.8 4.6 Normal; ate feed, 


250 
colostrum, although not necessarily with 
the maximal rise in blood carbon dioxide 
capacity. Thus, a tentative conclusion 
drawn from this limited observation sug- 
gests that the excretion of the most highly 
acid colostrum exerts more consistent ef- 
fect on the blood calcium than on the blood 
carbon dioxide capacity. 

The presence of extreme hypocalcemia 
in milk fever, and relative hypocalcemia in 
normal parturition, suggests a second fac- 
tor. At the onset of lactation, there is a 
sudden demand for relatively large quanti- 
ties of calcium and phosphorus to be ex- 
creted in the milk. It has been estimated 
that, for a 1,000-lb. cow, 25 Ib. of normal 
milk would remove approximately four 
times the total amount of calcium in the 
circulating blood, necessitating equally ra- 
pid replacement from the intestine, bones, 
and soft tissues.“ Colostrum is richer in 
calcium than normal milk,” so the demand 
must be proportionately greater at the 
onset of lactation than at other times. That 
the cow is capable of restoring to the blood 
large quantities of calcium, as rapidly as 
they are withdrawn into the milk, is a 
phenomenon apparent in every high pro- 
ducer. Mobilization of calcium from the 
bones and intestine into the blood stream 
must take place at a rate unparalleled in 
other animal species. Under these circum- 
stances, it is evident that any physiologic 
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influence tending to suppress the rate of 
calcium mobilization would be expected ti 
disturb the nice balance reflected in the 
blood stream. 

Possibly, the nonlactating interval pre- 
ceding parturition renders more difficult 
the physiologic adjustments necessary for 
efficient calcium mobilization, for it is 
common experience that cows which have 


been “dried off” develop milk fever more 


frequently than those milked up to parturi- 
tion. Also, it appears that mastitis tends 
to reduce the danger of milk fever, per- 
haps because of the increased excretion of 
alkali in mastitic milk. In any event, the 
sudden demand by the mammary gland for 
large quantities of calcium and phosphorus 
would seem to necessitate optimal condi- 
tions for the rapid mobilization of these 
elements, in order to prevent serious defi- 
cits in the blood stream. 

Presumably, alkalosis would hinder the 
rapid mobilization of calcium and _ phos- 
phorus into the blood stream. It is known 
that influences which increase the plasma 
bicarbonate result in spasmophilia and 
other symptoms of hypocalcemia, if not 
actual reduction in blood calcium level.” 
Thus, it seems reasonable to conclude that 
the presence of alkalizing influences, con- 
current with sudden, massive demands for 
calcium mobilization into the blood stream, 
could result in acute hypocalcemia. Fur- 


TABLE 3—Experiment 2, Sodium Carbonate Intravenously in a Normal, Nonparturient Cow 


Cow 18, grade Holstein-Friesian, wt. 430 kg. 


Ca 
Date (Mg./ Mg./ Urine Respir- Observations 
1944 Time 100 ce.) 100 cc.) pH ation 
2-12 10.06 9.1 5.4 8.4 32 Appeared normal; pulse 62. 

10.10 Began injecting Na,CO,°H,O, 21.5 Gm. in 

water, 500 ce. (50 mg. / kg.). 

10.20 Completed injecting 500 ce.; incoérdin- 

ation, sweating, salivation. 

10.23 8.4 5.4 18 Incoérdination; pulse very rapid; coughing 

considerably. 

10.40 76 Coughing. 

10.50 8.9 5.5 100 Coughing less severely; pulse and heart 

beat weaker than normal. 

11.00 9.6 Same (dyspnea, coughing); drank water. 

11.20 8.9 4.8 Same. 

12.00 8.0 Same. 

12.30 7.6 4.2 Dyspnea less severe. 

14.40 7.9 3.0 40 Respirations shallower than before; 

coughed occasionally. 

18.20 7.7 4.2 54 Respirations stenotic; coughed occasion- 
ally; mucous nasal discharge; eating hay; 
feces less moist than before. 

2-13 10.20 7.9 5.6 Apparently normal; feces normal; slight 


cough. 
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ther consideration of this concept depends 
on acceptable evidence of alkalosis during 
the parturient period. 

One of the common methods for meas- 
uring alkalosis and acidosis is the deter- 
mination of the carbon dioxide capacity 
of the plasma. Published reports indicate 
a tendency toward increase in the carbon 
dioxide capacity of the blood of cows at 
parturition, implying a trend toward alka- 
Of the 4 cows reviewed in table 
1, with consecutive blood carbon dioxide 
determinations, 3 showed a distinct tend- 
ency toward rise in carbon dioxide capa- 
city: to a maximum coinciding approxi- 
mately with the parturient reduction in 
blood calcium and phosphorus. In cow 
27, however, there appeared a decline in 
carbon dioxide capacity, although this cow 
showed the lowest blood calcium of the 
series at parturition and manifested pre- 
liminary symptoms of milk fever. It is 
curious that cows 24, 25, and 26 showed 
acid urine coincident with the rise in blood 
carbon dioxide capacity. Plasma chloride 
levels varied eccentrically, more or less 
following carbon dioxide capacity, but in 
the opposite direction. 

Notwithstanding the tendency toward al- 
kalosis in the parturient cow, it is evident 
from the literature that milk fever is char- 
acterized rather by reduced carbon dioxide 
capacity of the plasma.” This raises a 
question as to the significance of the car- 
bon dioxide capacity in the study of the 


losis.” 
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parturient cow. As an approach to this 
problem, a series of experiments was plan- 
ned to study the effects of artificially in- 
duced alkalosis in the cow. 


EXPERIMENTS 


Artificial Alkalization.—Sodium carbonate 
was administered intravenously and orally to a 
group of normal, nonparturient cows to de- 
termine the effects of artificially induced al- 
kalosis. Protocols of representative experi- 
ments are reproduced (experiments 1 to 4). 
In general, the results were: (1) to reduce 
blood calcium level; (2) to raise, then reduce, 
inorganic phosphorus, carbon dioxide capa- 
city, and urinary pH; (3) to reduce, then 
raise, plasma chloride; and (4) to induce the 
clinical evidence of milk fever, including coma 
and death. 

The two intravenous experiments are re- 
viewed in detail. In experiment 1, a total 
dose of 80 mg. / kg. of sodium carbonate 
(Na;CO, - H.0) was injected in four portions 
at approximately hourly intervals. Blood cal- 
cium began falling at once, but it did not 
reach the minimum until after the last in- 
jection. Inorganic phosphorus likewise fell. 
Urine pH rose steadily from the preliminary 
level of 8.0 to 8.7 following the final injec- 
tion, after which it fell to 7.5. Respiration 
was normal or slightly retarded for the first 
hour, then it increased to hyperpnea, sug- 
gesting moderate acidosis. Pulse tended to 
be retarded, except at the time of most marked 
hyperpnea. The feces became slightly drier 
than they had been before the injections. 

Experiment 2 showed essentially the same 
reactions, differing only in degree. Here a 
single injection of 50 mg. / kg. of sodium 
carbonate was followed by greater reduction 
in blood calcium and phosphorus than in the 
preceding experiment, and severe dyspnea 


TABLE 4—Experiment 3, Sodium Carbonate Orally in a Normal, Nonparturient Cow 


Cow 18, grade Holstein-Friesian, wt. 430 keg. 


Ca P Cl : 
Date (Mg./ (Mg./ CO, (Mg./ Urine Milk Observations 
19456 Time 100 ce.) 100 cc.) % 100cec.) pH (pt.) 
4-17 10.45 9.2 5.1 47 342 8.1 6 Normal; normal milk output: 
a.m., 6 pt.; p.m., 4 pt. 
10.50 Drench: Na,CO,°H,O, 129 Gm., in 
1 liter water. 
17.00 8.0 5.1 68 336 4 Poor appetite. 
22.40 7.4 6.1 64 312 Poor appetite; feces drier than 
normal, 
22.45 Drench same dose of carbonate. 
4-18 11.30 7.5 4.8 51 362 2 No appetite. 
11.36 Drench same dose of carbonate. 
16.00 7.8 0 Poor appetite; feces dry. 
23.15 7.3 4.8 47 328 Same. 
4-19 = 11.10 7.2 63 327 0.5 Small appetite; feces dry. 
16.30 ; 0.5 Small appetite; feces more moist. 
4-20 9.05 8.4 5.2 56 313 15 Appetite improved; feces soft. 
16.30 1.5 


Same. 


= 251 
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with accompanying rapid pulse. Furthermore, 
there was considerable incoérdination during 
the injection and for several minutes there- 
after, the cow almost falling in the stall. 
Sweating, salivation, and coughing (with ex- 
pectoration) suggested sudden, transient dis- 
turbance in circulation. 

Sodium carbonate was administered orally 
in ten experiments on 6 cows. Doses ranged 
from 100 to 900 mg. / kg., the largest given 
in three portions of 300 mg. / kg. each, at 
approximately twelve-hour intervals, as in 
experiment 3. In this experiment, cow 18 
responded by a marked reduction in blood 
calcium level, while inorganic phosphorus, 
after an initial rise, fell slightly, only to rise 
later. Carbon dioxide capacity rose, fell, then 
rose again in close agreement with phos- 
phorus. Plasma chloride fluctuated with car- 
bon dioxide and phosphorus, but in the op- 
posite direction. Urine pH went down. Milk 
production soon ceased; appetite was com- 
pletely suppressed; the feces became quite 
dry; and the cow appeared dull and depressed. 
She recovered within a few days after com- 
pletion of the experiment. 

Cow 21 (experiment 4) showed a reaction 
similar to that of cow 18, with a few differ- 
ences. Blood calcium, which was consider- 
ably lower at the start, manifested no con- 
sistent response to the three doses of 200 mg. 
/ kg. of sodium carbonate. Inorganic phos- 
phorus and carbon dioxide capacity rose un- 
interruptedly to maximal levels, without the 
intervening fall in these elements seen in 
experiment 3. Likewise, urine pH appeared 
to rise in this experiment rather than fall. 

Of the other eight experiments using oral 
administration of sodium carbonate, only two 
failed to show a significant reduction in blood 
calcium, and one of them was the single ex- 
periment with the minimal dose, 100 mg. / 
kg. In fact, in two other experiments on cow 
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21, blood calcium was reduced. Inorganic 
phosphorus was elevated at least transient} 
in eight of the ten experiments. Dullness, 
suppressed appetite, constipation, and dimin. 
ished milk output were common symptoms in 
these experiments. 

Two other experiments merit special men- 
tion. They were conducted simultaneously on 
2 apparently identical Jersey cows—normal, 
not lactating, and not pregnant. Following 
a preliminary blood calcium level of 8.9 mg. 
/ 100 ce. and inorganic phosphorus of 4, 
mg. / 100 ce., three doses of sodium carbonate, 
300 mg. / kg. each, given at eight- and 
eleven-hour intervals, were attended by a 
reduction in calcium to 6.5 mg. / 100 ce, 
while phosphorus increased to 8.7 mg. / 100 ce. 
At this time, seven hours after the final dose 
of carbonate, the cow was prostrate and coma- 
tose, her attitude resembling that of a typical 
case of milk fever. An intravenous injection 
of calcium salts (gluconate and methionate) 
restored consciousness, and the cow arose to 
her sternum. The following morning, seven 
hours after the calcium injection, she was 
found dead. Heart blood collected post mor- 
tem contained 4.1 mg. of calcium / 100 cc. 
of serum. In the second-cow, the same dose 
of sodium carbonate served only to reduce 
blood calcium from 7.7 to 6.7 mg. / 100 cc, 
raise phosphorus from 4.2 to 7.6 mg. / 100 cc., 
raise urine pH from 8.1 to 8.7, and induce 
dullness, anorexia, and extreme constipation. 
This cow recovered completely in a few days. 

Artificial Acidification —Chlor-Ethamine 
was administered orally in 18 experiments 
on 8 cows, during the parturient period and 
at other times. Doses ranged from 60 to 
1,000 mg. / kg. given over a 24-hour period. 
Intravenous administration was not attempted 
because of the danger of acute acidosis. Physi- 
ologic reactions to the drug appeared to be 
dependent on the condition of the cow, parti- 


TABLE 4, Sodium Carbonate in a Normal, Cow 


Cow 21, wt. 420 


Ca 
Date (Meg. , (Me. (Me. / Urine Milk Observations 
1946 Time 100 ce.) 100 ce.) % 100¢c.) pH (pt.) 
4-17 11.00 7.8 4.9 49 321 8.1 8 Normal; normal milk output: 
a.m., 8 pt.; p.m., 4 pt. 
11.05 Drench: Na,CO,-H,O, 84 Gm. in 1 
liter water. 
17.10 Ls 5.4 53 281 4 Appetite diminished. 
22.50 7.6 5 61 293 Feces less moist than before. 
22.55 Drench same dose of carbonate. 
4-18 11.45 8.2 6.0 63 335 6.56 Ate about half of a grain ration. 
11.50 Drench same dose of carbonate. 
16.00 8.4 3 Poor appetite, 
23.25 8.0 4.8 61 356 Feces less moist than before. 
4-19 11.20 7.9 4.4 56 348 2 Poor appetite; shivering; temper- 
ature, 98.0 F. 
16.30 2 Appetite improved gradually. 
4-20 9.15 7.7 4.4 47 333 6 Appetite nearly normal; feces 
still formed. 
16.30 Apparently normal. 
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culirly the influence of parturition and the 
dis — associated with the parturient 
pe! od. 

In those cows with a normal blood cal- 
cium level, Chlor-Ethamine either did not 
affect calcium level or caused it to be re- 
duced moderately. Simultaneously, there oc- 
curred reductions in inorganic phosphorus and 
carbon dioxide capacity of the blood, while 
plasma chloride levels varied but little. Urine 
acidity was inereased by all of the doses in 
excess Of 100 mg. / kg. These results are 
illustrated in experiment 5. Incidentally, in 
a few experiments where daily milk records 
were kept, it was observed that the output of 
milk was inereased during the period of the 
action. 


TABLE 6—Experiment 5, Chlor-Ethamine 


Orally in a Normal, Nonparturient Cow 


1) Rise in Blood Carbon Dioxide Cape- 
city at Parturition.—It is known that the 
blood carbon dioxide capacity of cows tends 
to rise with the approach of parturition, 
although it may fall again soon after the 
calf is born and in cases of milk fever is 
inclined to be lower than normal. In view 
of the results from the experiments here 
reported, which demonstrate by means of 
artificially induced alkalosis that the cow’s 
metabolism is capable of prompt and effi- 
cient compensatory adjustments in the 
blood to increased intake of alkali, it may 


Cow 25, grade Guernsey, wt. 465 ke. 


Ca P cl 
Date (Mg. / (Mg./ CO, (Mg./ Urine Observations 
1945 Time 100 cc.) 100cc.) % 100 cc.) pH 
4-24 10.20 9.9 4.6 55 355 Normal; feces dry. 
10.25 ° Drench: Chlor-Ethamine, 95 Gm., 
in 1 liter water. 
11.30 8.1 Normal. 
16.25 9.4 3.4 52 356 8.2 Normal. . 
22.10 9.5 3.3 51 355 7 Normal. 
4-25 8.25 7.6 Normal; feces slightly softer. 
10.25 9.1 4.3 49 344 Normal. 


4-26 10.30 9.8 4.1 56 355 


When blood calcium was low, however, as 
in experiment 6, the’ same dose of Chlor-Eth- 
amine served to raise both calcium and in- 
organic phosphorus levels. This phenomenon 
was observed in five experiments on 3 cows. 
Two of these cows were tested twice during 
the parturient period, at intervals ranging 
from one to nineteen days following calving. 
The third, cow 16, was a purebred Jersey 
which had calved three and a half months pre- 
viously. This cow showed advanced mam- 
mary fibrosis attributed to chronic mastitis; 
she had ceased lactating soon after freshening, 
although there continued to be evidence of 
congestion in the udder. In time, her ap- 
petite failed and she began to lose weight 
rapidly. Finally, she died in an advanced 
state of emaciation. The autopsy revealed no 
significant lesions. Two weeks before her 
death, this cow was drenched with two doses 
of Chlor-Ethamine, 500 mg. / kg. each, at 
thirteen hours apart. Her blood calcium rose 
from 8.5 to 10.4 mg. / 100 ce., and inorganic 
phosphorus, from 2.8 to 3.9 mg. / 100 cc., 
following these administrations. 


>ARTURIENT ALKALOSIS CONCEPT 


[he evidence supporting a concept of a 
Clinically significant alkalosis in cows at 
the time of parturition may be summarized 
as follows: 


8.0 Normal; feces dry. 


be concluded that the reduced carbon dio- 
xide capacity associated with the postpart- 
urient period and clinical milk fever does 
not preclude the presence of alkalosis. 

The term alkalosis is used in this dis- 
cussion to mean an abnormal excess of 
fixed alkali (e.g., sodium, potassium) in the 
body over the concentrations neutralized 
by inorganic acids also present (e.g., chlo- 
ride, sulfate, phosphate). Since physiol- 
ogic reactions may result in compensatory 
production of organic acids to neutralize an 
excess of alkali, the body fluids may react 
neutral or even acid, notwithstanding the 
residual alkalinity. Accordingly, the re- 
sults from studies of blood carbon dioxide 
capacity and urine pH may be misleading. 
For clearness, the terms alkalemia and 
acidemia may be used to indicate varia- 
tions in the blood buffers, as they are re- 
flected by rise and fall in the carbon dio- 
xide capacity. Thus, it is demonstrated 
that a relative acidemia (i.e., reduced blood 
carbon dioxide capacity) may accompany 
artificially induced alkalosis. It follows that 
the same blood changes may attend natu- 
rally occurring alkalosis. 


— 
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2) Alkalosis Causes Hypocalcemia.—- 
These experiments prove that alkalosis, 
artificially induced by intravenous or oral 
administrations of alkaline salts, causes 
reductions in bood calcium level and symp- 
toms of milk fever. Less severe effects of 
alkalization simulate in nonparturient cows 
the blood picture of parturition (7.e., mod- 
erately reduced calcium, increased carbon 
dioxide capacity), while larger doses of 


TABLE 7—Experiment 6, Chlor-Ethamine Orally in a Normal, Parturient Cow 


Cow 21, grade Jersey, wt. 420 keg. 
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is an acidifier, it follows that the unknown 
factor probably was alkalosis. 

4) Blood Chemistry Following Injections 
of Calcium Salts.—As indicated in the pre- 
ceding report, two features in the blood 
chemistry following intravenous injection 
of calcium salts suggested a similarity be- 
tween the effects of the parturient state 
and artificially induced alkalosis.” Less rise 
in blood calcium occurred in the parturient 


Ca > 
Date (Meg. / Meg. Urine Observations 
1944 Time 100 ce.) 100cc.) pH 
11-28 11.13 - | 3.5 8.5 Normal; calved 32 hours previously. 
11.20 Drench: Chlor-Ethamine, 84 Gm., in 1 liter of 
water. 
16.39 8.0 3.0 8.2 Normal; feces soft. 
11-29 10.05 8.7 4.5 7.7 Normal; expelled placenta few hours before. 
10.10 Drench: Chlor-Ethamine, 84 Gm. 
16.65 9.2 4.1 7.7 Normal. 
17.00 Drench: Chlor-Ethamine, 84 Gm. 
11-30 10.02 8.9 4.6 6.9 Normal. 
12-1 9.54 8.5 4.8 7.2 Normal. 


12-13 10.40 8.4 4.8 


alkali produce the physiologic changes char- 
acteristic of postparturient disturbances 
(e.g., acetonemia), including constipation, 
anorexia, suppressed milk flow, and general 
unthriftiness. 

Tt seems reasonable to assume that a 
naturally occurring alkalosis would produce 
the same symptoms and blood changes that 
follow the administration of sodium car- 
bonate. Thus, it remains to prove that 
alkalosis occurs naturally in the parturient 
cow. 

8) Acidifying Corrects Parturient Hy- 
pocalcemia.—Oral administration of Chlor- 
Ethamine, a potent acidifier, caused a rise 
in blood calcium when it was suppressed 
at parturition. In the nonparturient cow, 
this acidifier exerted no influence on blood 
calcium or caused moderate reducticn due 
presumably to a diuretic effect. The same 
diuretic action was presumed to be exerted 
in the parturient cow, and all other condi- 
tions appeared to be comparable to those 
in the nonparturient. Evidently, Chlor- 
Ethamine counteracted some unknown fac- 
tor suppressing blood calcium level in the 
parturient cow, but which was absent in 
the nonparturient. Since Chlor-Ethamine 


8.4 Normal. 


than in the nonparturient cow, and inor- 
ganic phosphorus tended to rise in the 
blood following injections of calcium salts 
into parturient cows (“phosphorus rever- 
sal”), instead of falling, as is character- 
istic of other times. 

It was demonstrated that both these 
manifestations of the parturient state can 
be reproduced artificially in nonparturient 
cows by oral administration of sodium car- 
bonate. Furthermore, it appears from the 
results of a single experiment that Chlor- 
Ethamine tended to restore the normal re- 
actions in the parturient cow. In view of 
these results, it seemed evident that alka- 
losis is capable of inducing the physiologic 
disturbances leading to milk fever. 

Presumably, another factor should be 
considered, in addition to alkalosis, as a 
cause of the acute hypocalcemia of milk 
fever. That is, the sudden demand for 
withdrawal of relatively large amounts of 
calcium from the blood stream into the 
colostrum. Equally rapid restoration of the 
blood would be necessary to prevent a sud- 
den - deficit. Any physiologic disturbance 
capable of suppressing the mobilization of 
calcium into the blood from its natural 
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ources (7.e., intestine, bones, and soft tis- 
would be expected to interfere pro- 


in the maintenance of normal 
Such a 


sues ) 
foundly 
blood calcium level at this time. 
disturbance is alkalosis. 

5) Clinical Studies.—The final argument 
in support of the alkalosis concept will be 
contained in the results of clinical appli- 
cation. Ina preliminary series of 22 cases 
of milk fever, to all of which calcium glu- 
conate was administered intravenously, 10 
received Chlor-Ethamine orally in addition. 
Among the 12 that received calcium alone, 
6 relapsed requiring additional injections 
of calcium gluconate. The cases treated 
with Chlor-Ethamine required no further 
calcium injections. Moreover, average rise 
in blood calcium level during the 24-hour 
period following injection of calcium gluco- 
nate was greater in the cases which re- 
ceived Chlor-Ethamine (2.33 mg. / 100 cc.) 
than in the controls (1.27 mg. / 100 cc.). 
These observations are reported sepa- 
rately.” 

Another observation from these clinical 
studies tended to cast doubt upon the ac- 
cepted primary réle of hypocalcemia in 
milk fever. While the blood calcium levels 
of clinical milk fever were low indeed, in 
most cases they were still far from normal 
twenty-four hours later, even in those cows 
which appeared fully recovered and re- 
quired no further therapy. Moreover, in 
3 of the 22 cases cited in that report, blood 
calcium was actually lower at twenty-four 
hours after the injection of calcium gluco- 
nate than it had been at the time of the 
acute symptoms, yet 2 of these cases ap- 
peared fully recovered and did not relapse. 
Evidently, hypocalcemia cannot be regarded 
as the primary cause of the acute symp- 
toms of milk fever, but rather as another 
symptom, a result of the fundamental 
disturbance. 

This raises a question as to the mode 
of action of intravenous calcium salts in 
the therapy of milk fever. Unquestionably 
effective in the vast majority of cases, it 
has been taken for granted that the bene- 
ficial effects were due to the simple addi- 
tion of calcium to the blood stream and body 
tissues. In terms of the alkalosis concept 


of milk fever, it was assumed that the in- 
jection of calcium salts, acid in reaction, 
exerted its effect chiefly through eounter- 
acting alkalosis. 


Other acidifiers, such as 
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magnesium sulfate and monobasic sodium 
phosphate, have been reported useful in 
milk fever, sometimes in cases which pre- 
viously failed to respond to injections of 
calcium gluconate. The superior results 
claimed for the latter salts, and for cal- 
cium chloride, over calcium gluconate may 
perhaps be ascribed to their stronger acidi- 
fying action. 

Rationale.—A rationale for the partu- 
rient alkalosis concept may be based upon 
the peculiar circumstances which surround 
the occurrence of milk fever. They are 
discussed under “Preliminary Observa- 
tions,” the chief factors being: (1) inges- 
tion of an unusual excess of alkaline feed- 
stuff; and (2) rapid removal of acidic 
materials into the colostrum. The high 
producing cow stands apart from other 
creatures in nature by the prodigious quan- 
tites of feed consumed and the equally ab- 
surd volumes of milk secreted. Under these 
circumstances, it is not strange that tem- 
porary breakdowns occur in the mainten- 
ance of optimal balance of electrolytes in 
the blood and body tissues. 

That milk fever does not occur more 
often may be ascribed in part to a com- 
pensatory mechanism demonstrated in these 
experiments. In experiments 1 and 2, in- 
travenous injection of alkali was followed 
rapidly by dyspnea and other symptoms of 
acidemia; urine pH, after an initial rise, 
fell below the preliminary levels. Evidently, 
the introduction of alkali prompts the ela- 
boration of neutralizing acids, resulting in 
these experiments in an over-production of 
acidic metabolites. This compensatory phe- 
omenon is further illustrated in the fluctu- 
ating blood carbon dioxide capacity and 
reduced urine pH of experiment 3, although 
the same variations were not observed in 
experiment 4. Thus, there appeared to be 
a difference among cows, and probably in 
the same cow at different times, in the de- 
gree of compensatory neutralization of ad- 
ministered alkali. This explanation may 
lead to an explanation of both milk fever 
and acetonemia. 

Although no attention was given in this 
study to the ketogenic effects of alkalosis, 
it seems probable that the symptoms of 
acidemia would be accompanied by the ela- 
boration of ketonic acids. Furthermore, 
the characteristic biochemical symptoms of 
bovine ketosis (hypoglycemia, ketonemia, 
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and ketonuria) have long been known to 
be manifestations of alkalosis.” This sug- 
gests that bovine ketosis, or acetonemia, 
may be another syndrome caused by alka- 
losis. This interpretation of ketosis could 
explain the apparent paradox, reported by 
Sykes, Duncan, and Huffman, that ketosis 
in dairy cows is not necessarily accom- 
panied by acidosis.” A clinical study is 
now in progress to assay the value of arti- 
ficial acidifying in the therapy of ketosis. 


SUMMARY 


1) Hypocalcemia appears to be a com- 
mon characteristic of cows at parturition. 
Tendency toward rise in blood carbon dio- 
xide capacity, also common during the par- 
turient period, suggests that hypocalcemia 
may be caused by alkalosis. 

2) Artificial alkalization, by oral or in- 
travenous administration of sodium. car- 
bonate, induces in nonparturient cows re- 
duction in blood calcium and rise in carbon 
dioxide capacity similar to the changes 
chacteristic of the parturient period. Fur- 
thermore, alkalization may be carried to 
a degree of inducing extreme reduction in 
blood calcium level, symptoms of clinical 
milk fever, and death. F 

3) In parturient cows with low blood 
calcium and inorganic phosphorus levels, 
artificial acidification by oral administra- 
tion of Chlor-Ethamine (ethylenediamine 
dihydrochloride) induces rises in the blood 
levels of these elements. But, in the non- 
parturient cow with normal calcium and 
phosphorus, Chlor-Ethamine has no effect 
or causes slight reductions in these blood 
levels. 

4) A tentative explanation for milk 
fever is based upon the following: (1) sud- 
den demand for active withdrawal of vari- 
ous electrolytes from the blood stream into 
the colostrum, especially calcium and hy- 
drogen ions; and (2) suppression of effi- 
cient calcium mobilization in the body as 
a result of a developing alkalosis. Excess 
of alkaline salts in the ration of the high 
producer may be a contributory factor in 
alkalosis. Further conjecture suggests that 
acetonemia, or ketosis, may be a result of 
compensatory mechanisms, which in some 
cases completely counteract the physiologic 
alkalizing process. 
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Sensitivity to Penicillin of Microorganisms Associated 
with Bovine Mastitis 


J. O. HEISHMAN, B. V. Sc. 
Beltsville, Maryland 


THE FAVORABLE reports of numerous in- 
vestigators on the chemotherapeutic value 
of penicillin in certain human infections 
and the growing demand from the veter- 
inary profession for information regarding 
the use of this drug prompted the Sub- 
committee on Veterinary Medicine of the 
Committee on Chemotherapeutic and Other 
Agents, of the National Research Council, 
to initiate a program to test the sensi- 
tivity to penicillin of microérganisms re- 
sponsible for certain diseases in lower 
animals. Bovine mastitis was chosen as 
the first disease to be investigated because 
it was interfering with the efforts for 
maximum food production, and also be- 
cause the chief bacterial agents involved 
belong to the same genera as bacteria which 
had been successfully controlled with peni- 
cillin in human infections. 

Results of investigations’ * ** in the field 
of veterinary medicine, in which crude and 
purified preparations of penicillin were em- 
ployed to treat cases of mastitis caused by 
streptococci and staphylococci, indicated 
that some of the members of these groups 
of microérganisms of bovine origin were 
sensitive to the action of this agent. How- 
ever, these investigations did not disclose 
definite information regarding possible 
\ariations in sensitivity to penicillin of 
different strains, nor did they indicate ac- 
curately the concentration. of the agent 
uecessary to inhibit their growth. 

In January, 1945, an investigation of 
tie sensitivity to the action of penicillin 
microérganisms associated with bovine 
mastitis was undertaken in coéperation 

ith the Subcommittee on Veterinary Medi- 
‘.ne of the Committee on Chemotherapeutic 
-ad Other Agents, National Research Coun- 


Material contained in this report was sub- 
itted to the Subcommittee on Veterinary Medi- 
ne of the Committee on Chemotherapeutic 
id Other Agents, of the National Research 
suncil, on May $1, 1945. 


From the Animal Disease Station of the 
itholesical Division, BAI, USDA, Beltsville, 
a. 


cil. Cultures of bacteria employed in this 
investigation were recent isolations from 
the udder secretion of cows having varying 
degrees of mastitis and were tested by 
streaking on blood agar plates containing 
definite amounts of penicillin. 


CULTURES 


One hundred and fifty strains of different 
micro6rganisms isolated from seven herds 
were tested during the course of this work. 
Following isolation, cultures of streptococci 
and Corynebacterium pyogenes were carried 
in serum bouillon, and cultures of staphylo- 
cocci and rods were carried in plain bouillon. 
In preparation for the test, all cultures were 
streaked on blood agar and representative 
colonies picked in liquid mediums. The cul- 
tures thus obtained were inoculated into dif- 
ferential mediums. Only cultures giving typi- 
cal biochemical reactions for their respective 
types were used, with the exception of six 
cultures of streptococci and ten cultures of 
rods, types not commonly associated with 
mastitis, which were not definitely identified. 


TECHNIQUE OF TEST 


The basic medium for the agar plates con- 
sisted of 10 Gm. of peptone, 5 Gm. of sodium 
chloride, 20 Gm. of agar, and 1,000 cc. of 
distilled water. The medium was adjusted 
to a pH of 7.2 after sterilization. On the 
day on which tests were to be run, the melted 
agar was measured, under aseptic conditions, 
into sterile flasks in 91-ce. amounts and placed 
in a water bath at 47 C. After the tempera- 
ture of the agar had been reduced to that 
of the water bath, 5 cc. of defibrinated bo- 
vine blood and 4 cc. of an appropriate dilu- 
tion of penicillin calcium were added to each 
flask to give the desired final concentration 
of penicillin in the agar. The penicillin-blood- 
agar was then pipetted into Petri dishes in 
10-cc. amounts. Thus, 10 plates containing 
a given concentration of penicillin per cubic 
centimeter of medium were prepared from 
each flask of agar. For each set of plates 
made containing the various concentrations 
of penicillin, control plates were prepared 
by substituting 4 cc. of saline solution for 
the penicillin solution. The plates were inoc- 
ulated as soon as the agar was firm enough 
to be streaked. 

Cultures to be tested were grown in liquid 
medium for twenty hours; streptococci and 
C. pyogenes, in serum bouillon; and staphylo- 
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cocci and rods, in plain bouillon. At the end 
of incubation, the cultures were centrifuged 
and the supernatant broth discarded. The 
packed cells were then suspended in suffi- 
cient saline solution to give a suspension com- 
parable in density to that of tube 1 on the 
McFarland scale. 

A wire loop (3 mm. outside diameter) was 
used to streak the cultures on the plates. The 
streaks were made by placing a loopful of 
the suspension of cells near the edge of the 
plate and drawing the loop over the agar for 
a distance of 2.5 to 3 cm. toward the center 
of the plate. Four cultures were tested on 
each plate, the streaks being placed so that 
they divided the plate into quarters. The 
inoculated plates were incubated at 37 C. for 
forty-eight hours and the results recorded. 


All cultures were tested two or more times, 
usually at intervals of a week or longer. 
The type and number of the various cultures 
are indicated in table 1. 

In most cases, the bacterial growth in the 
highest concentration of penicillin at which 
growth occurred was considerably lighter thay 
the growth on the control plates. In some 
instances, this partial inhibition of growth 
extended over two or three plates. 


DISCUSSION 


In most cases, strains of the same species 
proved to be fairly uniform in their sen- 
sitivity to penicillin. As shown in table 
1, none of the 53 strains of Streptococcus 


TABLE |!-——Concentration of Penicillin in Blood-Agar Inhibiting Growth of Microdrganisms Asso- 
ciated with Mastitis 


No. 


type tures Control 015 031 062 125 25 5 1 2 


++4++ 4 - 
Streptococcus 18 ++++ ++++ +4 
agalactice 8 ++++ +4+++ +4++4 
10 ++++ +4+++4+ +4 
1 ++++ +++ ++ 


1 
4 


aureus 


+ |+ 
Pe 
+ i+ 

i+ | 

| 
+ 
+ It 


+++ + 
3 ++4 + 
Streptococcus 10 ++++4+ ++4 +4 
2 +4+4++ ++4+4+ 4 
+4+4 + -+ 


Streptococcus 3 ++4+4+4+ not 
dysgalactiae 


+ + 
Streptococci® 1 ++++ ++7++ 


t 
1 +++ +4+4+4+ - 


t+++ 4 4 
Corynebacterium 2 +++-+ + 


pyogenes 


Rod formst 10 ++++ F444 F444 F444 4441 


*Streptococci of types not commonly associated with mastitis. tRod-shaped forms 
probably members of the coliform group of organisms. —=No growth. +=Slight 
growth. +-++=—Growth half as dense as on control plate. +-++=Growth slightly less 
than on control plate. ++-++=Growth comparable to that on control plate. 
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agalactiae tested grew at a greater con- 
centration of penicillin than 0.062 unit per 
cubie centimeter of agar and only 3 strains 
were completely inhibited by 0.031 unit 
per cubic centimeter of agar. Of 52 strains 
of Staphylococcus aureus tested, one strain 
grew well on the plate containing 2 units 
of penicillin per cubic centimeter of agar 
and one strain grew slightly on the plate 
containing 0.25 unit of penicillin per cubic 
centimeter of agar. Three strains were 
completely inhibited by a concentration of 
0.062 units of penicillin per cubic centi- 
meter of agar, while the remaining 47 
strains were completely inhibited or grew 
only slightly at a concentration of 0.125 
unit of penicillin per cubic centimeter of 
agar. 

The 22 strains of Streptococcus uberis 
proved to be the most uniform in sensitiv- 
ity to penicillin of any major group of 
organisms tested. Eighteen of the strains 
were completely inhibited by 0.062 unit of 
penicillin per cubic centimeter of agar and 
grew at the next higher dilution. Of the 
four remaining strains, three grew slightly 
at a concentration of 0.062 unit of penicillin 
per cubic centimeter of agar while one 
strain was more sensitive, being inhibited 
at the next higher dilution. 

Only three strains of Streptococcus dys- 
galactiae were available for study at the 
time these tests were made. These strains 
were tested early in the course of the work 
at which time 0.031 unit of penicillin per 
cubic centimeter of agar was the highest 
dilution employed. All three strains were 
completely inhibited at this dilution. Later, 
when it was attempted to test these cul- 
tures on plates containing higher dilutions 
of penicillin, for some undetermined rea- 
son, the cultures failed to grow. How- 
ever, these meager results indicate that 
strains of Str. dysgalactiae are the most 
sensitive to the action of penicillin of any 
of the microérganisms commonly associated 
with mastitis. 

Four strains of Corynebacterium pyo- 
genes were tested. One strain was in- 
hibited by a concentration of 0.015 unit, 
two by 0.031 unit, and one by 0.062 unit 


of penicillin per cubic centimeter. Six 
cultures of streptococci which were not def- 
initely typed but were of types not com- 
monly associated with mastitis varied 
widely in their sensitivity to penicillin. 

Ten cultures of rod-shaped bacteria iso- 
lated from the milk of cows, some of which 
were showing evidences of mastitis, all 
grew well on the plate containing 2 units 
of penicillin per cubic centimenter of agar. 
These rods were not definitely identified 
but are probably members of the coliform 
group of bacteria. 


SUMMARY AND CONCLUSIONS 


The results of the examination for sen- 
sitivity to the action of penicillin of 15% 
cultures of bacteria, isolated from the milk 
of cows having varying degrees of mas- 
titis, are reported. The tests were per- 
formed by streaking a loopful of the cul- 
ture on each of a series of blood agar plates 
containing definite concentrations of peni- 
cillin. The inhibition range for Strepto- 
coccus agalactiae and Streptococcus uberis 
varied between 0.031 and 0.125 unit of 
penicillin per cubic centimeter of medium 
and, with the exception of two cultures, 
the inhibition range for Staphylococcus 
aureus varied between 0.062 and 0.25 unit 
per cubic centimeter of medium. The coli- 
form rods were not affected by 2 units of 
penicillin per cubic centimeter of medium, 
which was the highest concentration of 
penicillin employed in this investigation. 
Results of these tests indicated that, with 
few exceptions, streptococci and staphylo- 
cocci commonly associated with bovine 
mastitis are sensitive to the action of 
penicillin. 
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Physiologic Reactions to Intravenous 


Calcium Injections in the Cow 


A. H. SRAIGE, Jr., V.M.D. 


Indianapolis, Indiana 


PARENTERAL calcium therapy in milk fever 
represents one of the triumphs of modern 
veterinary science. Moreover, the frequent 
occurrence of symptoms suggesting acute 
hypocalcemia, especially in dairy cows, has 
led to widespread use of calcium salts in 
diseases other than milk fever. In view of 
this wide acceptance, surprisingly little has 
been reported concerning the physiologic 
reactions of the cow to parenterally admin- 
istered calcium salts. The following study 
was undertaken as a contribution to this 
knowledge. 


PROCEDURES 


The experimental subjects were cows which 
had been sold out of dairies because of poor 
production, in some instances from mastitis, 
in others probably owing to congenital causes. 
Throughout this investigation, they remained 
stabled and were fed mixed hay and a com- 
mercial grain mixture. The calcium injected 
in these experiments was a prepared solution 
of calcium gluconate and calcium methionate 
(Solecalnate, P.-M.), diluted to equal 15 per 
cent calcium gluconate, and tested for ac- 
curacy of calcium content. The standard dose 
was 500 cc., variations in relative dosage (mg. 
Ca / kg. body weight) reflecting differences 
in the weights of the cows. The injections were 
made with the solutions warmed to approxi- 
mate body temperature. The period required 
for injection was uniformly ten minutes. 

Blood specimens were taken from the jugu- 
lar vein, with a minimum of obstruction to 
blood flow through the vein, and the blood 
collected in test tubes previously rinsed with 
distilled water. In these experiments, speci- 
mens were collected at the following intervals: 
(1) immediately before beginning to inject the 
calcium salts (preliminary); (2) three minutes 
after completing the injection; (3) thirty 
minutes after completing the injection; (4) 
one hour; (5) two hours; (6) four hours; 
and (7) twenty-four hours after completing 
the injection. Clotting and separating the 
serum were expedited by keeping the speci- 
mens in an incubator for about an hour. Serum 
calcium was assayed by the Clark and Collip 


At the time this work was done, Dr. Craige 
was with Pitman-Moore Company, Division of 
Allied Laboratories, Inec., Indianapolis. He is 
now with the Maryland Live Stock Sanitary 
Service, University of Maryland, College Park. 


modification sf the Tisdall method.’ For in- 
organic phosphorus, the Youngburg procedure 
was employed.’ 

Artificial alkalization was established in the 
three designated experiments (7, 11, 14) by 
oral administration of two doses of sodium 
carbonate (Na.CO,°H:0). Each dose was at 
the rate of 300 mg. of drug / kg. of body 
weight. The two doses were administered six 
to eleven hours apart. The second dose pre- 
ceded the injection of calcium solution by 
eleven to eighteen hours. Chlor-Ethamine 
(ethylenediamine dihydrochloride) was ad- 
ministered as an artificial acidifier in the 
single experiment cited.” In the manner de- 
scribed above, two doses (each of 300 mg. of 
the drug / kg. of body weight) were ad- 
ministered as a drench three hours apart, with 
the second dose preceding the injection of 
calcium by seventeen hours. The numbering 
of experiments in tables 1 and 2 is consecutive 
for convenience. 


RESULTS 


Nonparturient Cows. — Intravenous in- 
jection of calcium salts caused an im- 
mediate rise in blood calcium to a maxi- 
mum, followed by progressive reduction to 
approximately the preliminary level. Simul- 
taneously with the rise in blood calcium, 
there occured in normal, nonparturient cows 
a reduction in the inorganic phosphorus 
level of the blood. By the end of twenty- 
four hours, phosphorus had returned to 
approximately the preliminary level. From 
limited observation, it is assumed that the 
parturient period, as the term is applied 
in this study, extends for a variable time, 
probably from three to four weeks pre- 
ceding parturition to as long after par- 
turition. 

It is evident from table 1 that the in- 
jection of calcium salts in the doses her 
employed, the equivalent of 500 cc. of ‘5 
per cent calcium gluconate, produced blocd 
serum calcium rise from preliminary leve's 
of 7.5 to 10.6 mg. / 100 cc. to maximil 
blood concentrations of 14.3 to 20.2 mg. / 
100 cc., measured three minutes after cor - 
pleting the injection. The actual increa-e 
in blood calcium level caused by the i - 
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jection of each milligram of calcium / kg. 
of body weight, was: 0.52 (5); 0.56 (6); 
0.49 (8); 0.63 (10); and 0.75 (13) mg. / 
100 cc. of serum. (Numbers in parentheses 
refer to experiment number in table 1.) 
Thus, the mean increase for this series of 
five experiments on 5 normal, nonparturient 
cows was 0.59 mg. / 100 ce. for each milli- 
gram of calcium injected / kg. of body 
weight. This figure was obtained by divid- 
ing the net rise in blood calcium level, ex- 
pressed as mg. / 100 cc., by the dose of 
calcium injected, expressed as mg. / kg. 
of body weight. The resulting quotient 
represents the relative effect of the injec- 
tion on blood calcium level. 

The initial rise in blood calcium in re- 
sponse to the injection was followed by 
progressive reduction until, at twenty-four 
hours, the original calcium level had been 
restored. In five of the 16 experiments re- 
viewed in table 1, blood calcium at twenty- 
four hours was exactly the same as in the 
preliminary specimen. The maximum de- 
viation was in experiment 9, a parturient 
cow, whose blood calcium was 1.2 mg. / 
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100 cc. lower at the conclusion of the ex. 
periment than before the injection. The 
second greatest deviation was in experiment 
2, with blood calcium at twenty-four hours 
0.8 mg. / 100 cc. higher than it had been jy 
the preliminary specimen. The range for 
the 24-hour deviations in the other 14 ex. 
periments was from a decrease of 0.6 to an 
increase of 0.3 mg. / 100 ce. The average 
24-hour deviation for the entire series was 
0.08 mg. / 100 ec. Apparently, the effects 
of injected calcium upon blood calcium level 
are completely dissipated within twenty- 
four hours. 

Coinciding with the rise in blood calcium, 
there was a reduction in inorganic phos- 
phorus in all these experiments on normal, 
nonparturient cows, and phosphorus did 
not return to the preliminary level until 
after the four-hour specimen had been col- 
lected. Variable degrees of reduction were 
observed in the inorganic phosphorus. The 
usual pattern was one of an initial re- 
duction at three minutes after the injection, 
with partial recovery occurring at thirty 
minutes or one hour, then a secondary re- 


TABLE 2—Acute Calcium Toxicity in Normal Cows 


Initial symptoms? 
Blood Ca 


Blood Ca. 


Final stage® 
Blood Ca 


Incodrdination* 
Blood Ca. 


Wt. mg./100 cc. Injec- mg. / 100 ce. mg. / 100 ee. mg./100cc. Period 
Cow (ib.) of serum tion! ec, of serum ec, of serum aC. of serum (min.) 
17 1,050 8.5 A 82 164 42.0 150 36.0 
18 700 10.0 B 150 20.4 1,100 38.5 2.500 148.0 62 
19 700 9.5 B 500 32.0 1,150 52.7 2,600 74.3 49 
20 800 B 200 1,350 5,000 &9 
21 650 B 350 450 2,350 42 
22 700 B 500 600 2,300 48 
23 800 CS 1,000 1,800 2,100 33 
24 950 S 700 1,000 2,350 52 
25 900 9.9 B 450 20.4 1,750 37.5 2,000 41.2 65 
26 750 8.3 B, A? 500 19.0 1,425 40.2 1,725 28.1 42 


Various stages of intoxication in normal cows, which received intravenous injections 
of Ca salts until heart action ceased, or (experiments 25 and 26) extreme prostration 


supervened. 


‘Solutions injected: A—CaCl,, 13.7 per cent (= 50 mg. Ca / cc.) B—Ca gluconate and 
Ca methionate, (Solcalnate) (= 20.5 mg. Ca / cc.) C—Ca gluconate and Ca methionate, 
(Solcalnate) (= 20.5 mg. Ca ce.), Me. gluconate (= 4.0 mg. Me. / ce.), and dextrose 
U.S.P., 50 per cent. All doses indicated in table (cc.) are cumulative. “In experiment 26, 
the first 500 cc. injected was solution B, the additional 1,225 cc. was solution A. Initial 
symptoms: bradycardia, lacrimation, salivation, hyperpnea, and tachycardia. ‘Incoérdina- 
tion: cow begins to go down at this stage, at first perhaps able to regain her feet, but 
is unsteady; later she cannot rise, but remains down, conscious; dyspnea and irregular 
heart action characterize this stage of calcium intoxication. ‘Continuous injection finally 
results in death with heart failure in the period indicated (min.), during which the 
volume of solution indicated (cc.) was injected. Cows 25 and 26 were showing extreme 
prostration when these experiments were terminated, but their heart action persisted. 
Terminal blood calcium levels were determined in 5 cows. 
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duction reaching its low point at four hours. 
Throughout this period, however, the. in- 
organic phosphorus level remained below 
that of the preliminary specimen. 

Parturient Cows.—Injection of the same 
doses of calcium salts into these cows at a 
time close to parturition elicited reactions 
similar to those of the nonparturient period, 
but with two significant differences: (1) 
less rise in blood calcium level; and (2) in- 
organic phosphorus tends to rise above the 
preliminary level. 

The net rise in blood calcium immediately 
following intravenous injection of the stand- 
ard dose of calcium salts was, in parturient 
cows: 0.53 (1); 0.41 (9); 0.72 (12); 0.56 
(15), for an average increase of 0.55 mg. of 
Ca / 100 cc. of serum for each mg. of Ca 
injected / kg. of body weight. (Numbers 
in parentheses refer to experiment number 
in table 1.) While the small number of ex- 
periments renders doubtful the significance 
of this average, comparable findings in 2 
animals seem worthy of special mention. 
In cow 21, the net rise in blood calcium im- 
mediately following the intravenous calcium 
injection during the parturient period was 
0.41 (9) mg. / 100 ce. / mg. of Ca injected 

kg. of body weight, but three months 
later the comparable result was 0.64 (10). 
Similar, but less striking, were the findings 
in cow 22: 0.72 (12) near parturition, and 
0.75 (13) one month later. 

In these experiments, conducted during 
the parturient period, there was a rise in 
the inorganic blood phosphorus level fol- 
lowing the injection of calcium salts, em- 
ploying the same dosage and following 
exactly the same procedure as in the com- 
parable experiments during the nonpartur- 
ient period. No phosphorus was injected or 
administered in any other manner. This 
phenomenon, which for convenience is 
designated as “phosphorus reversal,” ap- 
peared to be confined to the parturient 
period. There was one exception, cow 16, 
which at three weeks after calving devel- 
oped subacute mastitis, became thin, and 
subsequently died. She could not be con- 
sidered normal during these experiments 
c.f. table 1). 


Artificial Alkalization (Nonparturient 


‘‘ows).—On the suspicion that alkalosis is 
‘he physiologic factor limiting the rise in 
‘lood calcium following the intravenous in- 
-ection of calcium salts during the par- 


turient period, and that alkalosis is re- 
sponsible for the “phosphorus reversal” 
phenomenon, the same cows were alkalized 
during the nonparturient period by oral 
administrations of sodium carbonate, previ- 
ous to injecting the calcium salts. 

In cow 18, the postinjection rise in blood 
calcium following sodium carbonate was 
0.49 (7), as compared to a normal rise of 
0.56 (6) mg. of Ca / 100 cc. of blood serum 
/ mg. of Ca injected /kg. of body weight. 
(Numbers in parentheses refer to experi- 
ment number in table 1.) After carbonate, 
cow 21 showed a blood calcium rise of 0.42 
(11), as compared to her parturient rise 
of 0.41 (9) and her normal rise of 0.63 (10) 
mg. / 100 cc. / mg. of Ca injected / kg. of 
body weight. In the case of cow 22, injected 
calcium following oral carbonate caused a 
rise of 0.68 (14) mg. / 100 cc. / mg. of 
Ca injected / kg. of body weight, which 
normally was 0.75 (13), and near parturit- 
ion was 0.72 (12). Thus, it appeared that 
the artificial alkalization exerted an effect 
upon the rise in blood calcium immediately 
after the intravenous injection of calcium 
salts which was comparable to that of par- 
turition. 

Likewise, there was a rise in inorganic 
blood phosphorus level accompanying the 
rise in calcium in two of the sodium car- 
bonate experiments (7, 14). In experiment 
11, although the rise in inorganic phos- 
phorus was consistent, it did not exceed the 
preliminary level, which was unusually high, 
presumably as a result of alkalization. This 
experiment was marked by symptoms of 
milk fever, including incoérdination, pros- 
tration, and dyspnea, which reached a peak 
about eleven hours after the injection of 
calcium salts. At this time, blood calcium 
level was 6.4 mg. / 100 cc., while inorganic 
phosphorus was 8.8 mg. / 100 cc. Chlor- 
Ethamine was administered by drench, 200 
mg. / kg. of body weight, five minutes after 
collecting the specimen. The cow recovered 
without further symptoms other than re- 
duced milk production and poor appetite 
the next two days. 

Artificial Acidifying (Parturient Cow) .— 
To test further the assumption that alka- 
losis is the cause of the “phosphorus re- 
versal” phenomenon in parturient cows, a 
recently fresh cow was drenched with Chlor- 
Ethamine between identical intravenous 
doses of calcium (experiments 15 and 16). 


a 
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It was concluded from the symptoms that 
the cow appeared to tolerate the second in- 
jection better than the first. Initial rise in 
blood calcium, which at first was 0.56 mg. / 
100 cc. / mg. of Ca injected / kg. of body 
weight, increased to 0.61 after the second 
injection. This increase was attributed to 
two doses of Chlor-Ethamine, 300 mg. / kg. 
each, given fourteen hours apart, the sec- 
ond dose preceding the second calcium in- 
jection by three hours. While the addition 
failed to restore to normal the inorganic 
phosphorus reaction following intravenous 
calcium, there was evidence of influence in 
that direction. The rise in phosphorus 
above the preliminary level was less than 
occurred following the first calcium in- 
jection. 

Acute Towxicity—The toxic action of 
calcium salts injected intravenously was 
studied in a series of experiments, includ- 
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ing ten experiments in which relatively 
enormous doses were injected into normal 
cows destined for immediate slaughter. 
Death resulted from heart failure in & of 
the 10 cows, while the other 2 were killed 
before reaching that stage of toxicity. I) 
another cow, a relatively small dose of 
calcium produced acute toxic symptoms 
from which the animal appeared to recover, 
only to die within twenty-four hours. Thus, 
the fatal action of calcium in the cow may 
be either immediate or delayed. 

The symptoms seen in these studies ap- 
pear to divide themselves into two general 
stages, not always clearly distinct: (1) 
initial symptoms (bradycardia, lacrima- 
tion, salivation, hyperpnea) and _ later, 
tachycardia; and (2) advanced tovicity 
(dyspnea, irregular pulse, and incodrdina- 
tion which progresses to paralysis). This 
second stage may be interrupted suddenly 
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Parturient 


Normal 


AlKaliaized 


27 
‘ 
3.5 
Chart |—Serum calcium and inorganic phosphorus following intravenous injection of calcium salts. 


Cow 22, grade Shorthorn, calved normally 11-21-44; she appeared completely normal at 
all times during this study. During the twenty-four hours intervening between experi- 
ments 13 and 14, she was drenched with two doses of sodium carbonate, each 300 mg. / ke. 
of body weight, but she subsequently manifested no outward symptoms of alkalosis other 


than dryness of the feces. 


The graphs illustrate a similarity between blood calcium and inorganic phosphorus re- 
actions in the parturient cow and in sodium carbonate alkalosis, as contrasted with the 
normal, nonparturient cow, immediately following the intravenous injection of a standard 


dose of calcium salts. 
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by heart failure and death, or apparent re- 
covery May ensue with circulation so em- 
barrassed that death is only delayed a few 
hours. These are the effects of calcium 
overdose and represent a hazard in the use 
of intravenous calcium salts in veterinary 
practice. 

‘rom the experiments reviewed in table 
2, it is evident that many normal cows may 
show the initial symptoms of calcium toxic- 
ity during intravenous injection of cus- 
tomary therapeutic doses. Presumably, 
these symptoms are unimportant unless 
they are accompanied by circulatory im- 
pairment to a serious degree. Preliminary 
symptoms were associated with blood cal- 
cium levels from 19 to 32 mg. / 100 cc. 
Incoérdination, which heralds the approach 
of more serious toxicity, was induced by a 
therapeutic dose (i.e., up to 500 cc.) in 
only two experiments (17 and 21). Blood 
calcium levels of 37.5 to 52.7 mg. / 100 cc. 
accompanied incoérdination. But, with the 
exception of one experiment, death did not 
occur until the injected dose of calcium 
was more than twice as great as the dose 
causing incoérdination, and was many times 
in excess of the customary therapeutic dose. 

Delayed Death.—In another experiment, 
a normal cow died within twenty-four hours 
following intravenous injection of 500 cc. 
of the standard calcium solution, equivalent 
to 23 per cent calcium gluconate. From a 
preliminary level of 10.6 mg. / 100 cc., 
blood calcium rose to a maximum of 27.1 
mg. / 100 ce., measured one minute after 
completing the injection, which occupied 
ten minutes. During the injection, the cow 
manifested prodromal symptoms of toxic- 
ity, ineluding bradycardia, salivation, lac- 
rimation, hyperpnea, and later tachycardia. 
Furthermore, she became sufficiently in- 
coordinated to fall to the floor, but was able 
to rise at once. At this time, breathing was 
dyspneic. We have observed other cows 
with apparently the same reactions to this 
dose of calcium, which subsequently re- 
covered and remained normal. 

In this case, the acute symptoms passed 
off rapidly, and the cow seemed to recover 
normally. By four hours after the injection, 
blood calcium had subsided to 14.2 mg. / 
100 ee., and the cow appeared normal, except 
for weak, irregular pulse and somewhat 
labored breathing. The following morning, 
she was found dead. The autopsy revealed 
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extensive pulmonary congestion. Death was 
attributed to circulatory collapse. 


DISCUSSION 


Little is known concerning the physio- 
logic processes set in motion by the intra- 
venous injection of calcium salts. Obvi- 
ously, they raise the blood calcium level, 


- and sufficiently large doses may be fatal. 


Soon after an injection was completed, how- 
ever, blood calcium began to fall, presum- 
ably the result of excretion, chiefly through 
the kidneys. It seems reasonable to assume 
that the renal excretion of calcium, which 
proceeded rapidly at first when the excess 
of calcium was greatest in the blood, would 
tend to sweep inorganic phosphorus out of 
the blood stream at the same time. This 
could account for the reduction in inorganic 
blood phosphorus observed in the non- 
parturient cow. How can the reactions in 
the parturient cow be interpreted on the 
basis of this explanation? 

On the assumption that the parturient 
cow tends to suffer a variable degree of 
alkalosis, which suppresses the solubility of 
phosphates in the body, it may be supposed 
that the injection of calcium solutions, 
which are acid (pH 5 to 6), tends to in- 
crease phosphate solubility sufficiently te 
offset the effects of diuresis on blood 
phosphorus level. While it appeared that 
artificial alkalization tended to raise the 
blood phosphorus level, at least temporar- 
ily,’ perhaps this effect may be attributed 
to suppressed excretion. Thus, it may be 
presumed that the blood phosphorus level 
in the parturient cow is the result of at 
least three influences: (1) suppressed phos- 
phate solubility; (2) suppressed phosphate 
excretion; and (3) physiologic correction 
of alkalosis. Accordingly, it would seem 
reasonable to conclude that the acidifying 
action of the calcium salts was the principal 
factor in determining inorganic blood phos- 
phorus reactions. This conclusion is in ac- 
cord with the observation reported else- 
where’ that Chlor-Ethamine administered 
orally to parturient cows causes a rise in 
inorganic blood phosphorus, although in 
nonparturient cows it lacks this action and 
is more inclined to cause reduction in 
phosphorus. 

Further consideration was given in two 
other reports to the implication of a parturi- 
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ent alkalosis and its réle in the cause of 
milk fever and ketosis.’ * In the present 
study, it was demonstrated that artificial 
alkalization can induce in normal, non- 
parturient cows the reactions in blood cal- 
cium and inorganic phosphorus which fol- 
lowed the injection of acidic calcium salts in 
the parturient cow. To what extent the nor- 
mal reactions can be restored in parturient 
cows by the opposite approach, artificial 
acidifying, remains to be determined. Re- 
sults from a single experiment appear en- 
couraging. 

The studies of acute toxicity following 
the intravenous injection of calcium salts 
indicate that the doses commonly used in 
large animal practice are not entirely with- 
out danger. Since the actual calcium deficit 
in the blood could be corrected by injecting 
a fraction of these doses and thus reduced 
danger from acute hypercalcemia, it seemed 
desirable to investigate possible methods for 
maintaining the small increases in blood 
calcium which would follow injection of 
small doses. Preliminary results from this 
phase of the study are reported separately.* 


CONCLUSIONS 


1) Intravenous injection of calcium salts 
into normal cows caused an immediate rise 
in the blood calcium level, followed by pro- 
gressive reduction until at twenty-four 
hours later blood calcium had returned to 
approximately the preliminary level. In 
this series of 16 experiments, when 500 cc. 
of a calcium solution equal to 15 per cent 
calcium gluconate were injected, the average 
difference between the blood calcium level 
before the injection and twenty-four hours 
thereafter was 0.08 mg. / 100 ce. 

2) Coinciding with the rise in the blood 
calcium level which followed intravenous in- 
jection of calcium salts, there occurred, in 
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nonparturient cows, a reduction in blood 
inorganic phosphorus. At the time of par- 
turition, however, these cows showed a rise 
in phosphorus following the injection of the 
same dose of calcium. This phenomenon is 
designated “phosphorus reversal.” 

3) Oral administration of sodium car- 
bonate induced “phosphorus reversal” in 
normal, nonparturient cows. In the three 
experiments cited, there was slightly less 
rise in blood calcium level immediately fol- 
lowing intravenous injection of calcium in 
the alkalized cows than in the normal, non- 
parturient cow, again suggesting similarity 
in the effects of alkalization and parturition. 

4) In a single experiment on a normal, 
parturient cow, the oral administration of 
Chlor-Ethamine (ethylenediamine dihydro- 
chloride), an acidifier, was accompanied by 
increased rise in blood calcium following 
injection of the standard dose of calcium 
salts, as compared to the effects immediately 
previous to drenching with Chlor-Ethamine. 

5) While initial symptoms of calcium 
toxicity may appear following the intra- 
venous injection of doses of calcium salts 
equal to 500 cc. of 23 per cent calcium glu- 
conate, incoérdination usually did not de- 
velop until larger doses had been injected, 
and doses more than four times as great 
were required to induce immediate death. 
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Variables and Constants in Experimental Bovine 


Anaplasmosis and Their Relationship to Chemotherapy 


JOHN C. LOTZE, Ph.D. 


Washington, D.C. 


BOVINE ANAPLASMOSIS, first described as 
a mild type of piroplasmosis by Smith and 
Kilborne’ in 18938, received considerable 
attention subsequent to 1910 when Theiler’ 
demonstrated that it was a disease entity 
separate from piroplasmosis, or tick fever. 
From the various descriptions of bovine 
anaplasmosis, it is evident that this dis- 
ease varies greatly in severity, symptoms, 
and mortality. These variations are gen- 
erally attributed to: (1) age and condition 
of the affected animals; (2) individual re- 
sistance of animals to the disease; (3) 
in experimentally infected animals, the 
amount and character of the inoculum, the 
latter depending upon whether the inoc- 
ulum was obtained from an animal in 
the clinical stages of the disease or from 
a recovered carrier; (4) the ability of the 
affected animal to regenerate red blood 
cells; and (5) the virulence of the specific 
agent. 

Losses from the disease have been such 
as to stimulate investigators in various 
parts of the world to search for a suit- 
able treatment. Benefits have been claimed 
from the use of a number of drugs, based 
upon the prevention of fatalities and upon 
the reduction of the parasites present. 
However, no method of treatment has been 
accepted as satisfactory and, because of 
the variations in the disease as mentioned 
above, it is difficult to establish the val- 
idity of claims made for certain drugs. 

In studies of vectors and the nature of 
the causative agent, and in preliminary 
studies on chemotherapy (unpublished), the 
writer has produced over 50 experimental 
infections with Anaplasma marginale. Cer- 
tain data, relative to the parasite behavior 
and host response, were collected and ex- 
amined in order to throw further light 
on the variables and constants in the dis- 
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ease, and also to find criteria which may 
be used in the routine testing of such 
drugs as may show promise in the treat- 
ment of anaplasmosis because of their para- 
siticidal action. The examination of the 
data revealed that (1) in the course of 
an infection, the number of parasites fluc- 
tuated, describing what might be called u 
series of parasitic attacks, and (2) the 
initial or first parasitic attack was always 
of greatest concern as judged by the para- 
sites present and the changes in the host. 

The present report illustrates briefly 
some of the more important variables and 
constants observed and points out a more 
rational approach to the subject of ex- 
perimental chemotherapy. Accordingly, 
this paper analyzes data pertaining to the 
initial parasitic attack in 20 cases of ex- 
perimentally produced anaplasmosis. These 
cases (see fig. 1) were selected because (1) 
the infections were allowed to run their 
course without the possible influence of 
treatment, (2) all different types of the 
disease apparently were represented, and 
(3) the group of cases had a wide range 
of variables. 


MATERIALS AND METHODS 


The experimental hosts were beef and dairy 
animals of both sexes and ranged in age 
from 3 months to about 8 years. The ex- 
perimental infections were produced with 
strains of A. marginale originally obtained 
from natural cases of anaplasmosis in Mary- 
land, Virginia, and Louisiana. Defibrinated 
infected blood in quantities ranging from 40 
to 4,000 cc. was injected intravenously to ini- 
tiate the infections. In some cases, the inoc- 
ulum was obtained from active clinical cases; 
in others, from animals that had recovered 
from the disease for periods varying from 
one to thirty-five months. 

The experimentally infected animals were 
observed daily to determine when the symp- 
toms appeared. Blood films were made daily 
commencing either at the time of inoculation 
or a few days afterward. In every case, the 
number of early examinations of the blood 
was sufficient to determine, without question, 
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the first day of the patent period. Temper- 
ature readings were taken at the same time 
that blood films were made. In most ¢ases, 
hematocrit readings were made daily, ac- 
cording to the method of Wintrobe,’ and com- 
mencing at the time of inoculation or earlier. 
In other cases, these daily routine examina- 
tions were not commenced until a few days 
after inoculation or at the time that the 
anaplasms first became microscopically de- 
monstrable in the circulating blood. In these 
latter cases, the early trend of the hematocrit 
value was usually determined by readings 
made every second day. 

The lower range of body temperatures in- 
dicative of fever reactions was considered to 
be 102.8 F. because: (1) Body temperatures 
as high as this were found only occasionally 
in the noninfected animals which were sub- 
jected to conditions similar to those of the 
infected animals. (2) Body temperatures of 
102.8 F. were seen frequently during the 
period of severe anemia of anaplasmosis. 

The findings in a preliminary examination 
of all available data pertaining to these ex- 
perimental cases of anaplasmosis indicated 
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that phenomena associated with the disease 
were more in keeping with the time of the 
beginning of the patent period than with 
that of the inoculation of the host. There- 
fore, this study is oriented in terms of the 
time of the beginning of the patent period. 


EXPERIMENTAL DATA 


For the most part, the data pertaining to 
the experimental infections under consider- 
ation in this paper are presented graphically 
in figures 1, 2, and 3. The more important 
information on the disease as found in the 
present study is briefly summarized below. 


VARIABLE FACTORS IN ANAPLASMOSIS 


The Incubation or Prepatent Period.— 
A variable number of days elapsed be- 
tween the time of inoculation and the 
first demonstration of anaplasms by micro- 
scopic examinations. During this prepa- 
tent period, there was no marked change 
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in the hematocrit value of the blood; in 
some instances, it remained fairly con- 
stant or tended to rise slowly (fig. 2). The 
host animals remained in good physical 
condition during this time. Aside from 
unusually high body temperatures, which 
were found occasionally and not considered 
as being due to anaplasmosis, no symp- 
toms of the disease were manifested. 

The duration of the prepatent period 
tended to be shorter as the amount of in- 
fected blood introduced at the time of 
inoculation was increased. This was es- 
pecially true in cases where anaplasms were 
microscopically demonstrable in the infec- 
ted blood used to produce these new in- 
fections. Certain new infections (fig. 1 
and 2), without an apparent incubation 
period, resulted from the use of large 
quantities of blood in which anaplasms 
were microscopically demonstrable; in these 
cases, the number of parasitized red blood 
cells introduced in the inoculum was suffi- 
ciently great to make it possible to demon- 
strate parasitized red blood cells within 
an hour or so after inoculation. 

The Patent Period.—At the beginning of 
the patent period, or that during which 
anaplasms were microscopically demon- 
strable in the circulating blood, there were 
no visible symptoms. The body tempera- 
ture was usually normal, except in some 
of the cases in whieh an incubation period 
had not been apparent. Visible symptoms 
of the disease were manifested only after 
the parasites had increased in numbers 
and had brought about severe anemia. 

The patent period of an infection was 
always of long duration; in some instances, 
the organisms were microscopically demon- 
strable in blood smears made daily for as 
long as six months. 

Counts of infected red blood cells showed 
that the anaplasm population fluctuated 
during the patent period, describing what 
might be considered as a series of para- 
sitic attacks. Examination of data showed 
the initial attack to be the most severe in 
terms of the number of red blood ceils 
parasitized, and also in terms of the visible 
effects on the host; subsequent attacks 


were usually of diminishing intensity and 
ho symptoms were ordinarily produced. 
Severity of Infections.—Mild and severe 
infections occurred in animals of different 
age groups, but those of greatest intensity 
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occurred more regularly in the older ani- 
mals (fig. 1). Although, for the most part, 
the number of organisms introduced at 
the time of inoculation could not be eval- 
uated accurately, it was noted that the 
severity of the resulting infections tended 
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Fig. 2—Graphic presentation of data pertaining to 
the rise and fall of the patent infection (closed 
circles), the trend of the hematocrit value of the 
host's blood (open circles), the periods of fever 
(solid bars), and the time of inoculation (arrow), 
in three experimental infections of special interest. 
(A) Infection in which there was no apparent in- 
cubation or prepatent period; (B) a very acute 
case of anaplasmosis in which visible symptoms of 
the disease were not apparent until less than twenty- 
four hours before the host died; (C) a case of ana- 
plasmosis in which the severity of the anemia was 
not in keeping with the relative intensity of the infec- 
tion and in which blood regeneration took place 
at’ an unusually slow rate. 


to be somewhat in keeping with the quan- 
tity of infected blood used. However, se- 
vere as well as mild infections resulted 
from the use of relatively small amounts 
of infective blood in inoculations. Severe 
infections occurred in all cases where there 
was no apparent incubation period; of the 
other cases, severe infections occurred 


30) VY LA Naty - 
20 \ BOVINE 
KX 200 

40 oA, : 
30 \ 
10 


270 JOHN C. LOTZE 


somewhat more frequently following rel- 
atively short incubation periods. 

The percentage of red blood cells para- 
sitized in the circulating blood at the peak 
of the infection varied from 3.2 to 31.9. 

Degree of Anemia.—In most cases, the 
degree of anemia produced tended to be 
correlated with the severity of the infec- 
tion, the lowest hematocrit value of the 
blood being subject to some variation in 
infections of apparently comparable inten- 
sity (fig. 1). However, in some cases in- 
volving host animals over 3 years of age, 
the hematocrit value of the blood became 
nearly as reduced in mild infections as 
that commonly found in cases of severe 
infections in the various age groups; in 
these particular cases, there was evidence 
that the hosts were unable to produce 
new red blood cells at a rapid rate. 

The lowest hematocrit value of the blood 
produced by an infection was 7.0 volume 
per cent. In the majority of severe in- 
fections, the lowest hematocrit value was 
near 10.0. Some animals recovered from 
the disease even though the hematocrit 
value became as low as 8.0; other animals 
died while the hematocrit value was still 
as high as 13.5. 

Regeneration of Red Blood Cells.—In all 
cases, at the time of, or one to two days 
before, the peak of the infection, macro- 
cytes made their appearance in the circu- 
lating blood. In some cases (fig. 2), the 
hematocrit value of the blood began to 
improve immediately after the peak of 
the infection was attained; in others, def- 
inite improvement was not shown over a 
number of days and, in some instances, 
there was no improvement for ten or twelve 
days after the peak of the infection. In 
these latter cases, the hematocrit value 
tended to remain constant or to drop 
slowly during this time. 

In some mild infections, macrocytes com- 
prised the only new type of cell observed in 
the circulating blood; in these cases, an- 
emia was not severe and blood regenera- 
tion was rapid. In other infections, one 
or more of such types of cells as nucleated 
red blood cells and cells showing poly- 
chromasia and basophilic stippling were 
observed, usually sometime after the peak 
of the infection but, occasionally, as early 
as one day before the peak. In cases 
where the hematocrit value of the blood 
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improved rapidly, these cells were abun- 
dant; in cases where the hematocrit value 
did not improve until a number of days 
elapsed following the peak of the infection, 
these cells were never as abundant as in 
the former cases and, in addition, were 
sometimes abnormally small in size. 

Severity and Duration of Symptoms.— 
High body temperatures indicative of fevei 
were found in all cases except in a few 
mild infections in calves. High tempera- 
tures were found occasionally during the 
incubation period and during the earlier 
part of the period of patent rise of the 
infection (fig. 1); they were encountered 
most regularly near the end of the period 
of the patent rise and during the early 
part of the period of patent fall of the 
infection. In some cases, fever tempera- 
tures were not present until after the peak 
of the infection had been passed. Fever 
temperatures occurred intermittently or 
continuously; the length of the fever pe- 
riod was extremely variable. 

The first visible symptoms of the dis- 
ease were loss of appetite and condition. 
These symptoms were never manifested be- 
fore the peak of the infection was attained 
and sometimes not until three or more 
days after the peak; the symptoms grad- 
ually disappeared after definite improve- 
ment in the hematocrit value of the blood 
had begun. In some mild infections, these 
symptoms were not appreciable in severity ; 
in other cases, especially in those in which 
the period of anemia was prolonged, addi- 
tional symptoms were drooling, cessation 
of rumination, and a yellowish discolora- 
tion of the mucous membranes. 


CONSTANT FACTORS IN ANAPLASMOSIS 


The Initial Parasitic Attack.—Except in 
cases having no apparent incubation pe- 
riod, only a very small number of red 
blood cells were observed to be parasitized 
at the beginning of the patent period. 
During the first few days of this period, 
the parasite population on a_ particula: 
day was approximately twice that of the 
previous day. In the cases having n: 
apparent incubation period—cases in whic) 
the number of parasitized cells first ob- 
served on microscopic examinations de 
pended upon the number of parasitize: 
red cells introduced at the time of inoc 
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ulation —the number of parasitized cells 
decreased slowly for two or three days 
following inoculation and then began to 
increase at about the same rate as in the 
former cases (fig. 2). 

In severe infections, the rapid rate of 
increase in parasitized red cells continued 
up to near the time of the peak of the 
infection. In less severe and mild infec- 
tions, the rate of increase became slower 
for a variable number of days before the 
peak of the infection was attained. The 
patent rise in the infections varied from 
eight to thirteen days in duration, irre- 
spective of the severity of the infection 
(fig. 1 and 2). 

A curve for the fall of the infection in 
a particular case was practically a mirror 
image of the curve for the rise of that 
infection. (fig. 2.). Thus, in the severe 
infections, the number of cells parasitized 
decreased rapidly following the peak of 
the infection; in mild infections, the rate 
of decrease was at first much slower. 

The period covered by the initial para- 
sitic attack was fairly constant when data 
relative to the rise and fall of the infec- 
tions were plotted (fig. 3). The figure 
described by the plotting of the data was 
roughly that of a pyramid with the peak 
of the infection coming at about the mid- 
die. An examination of the data showed 
that the duration of the first parasitic at- 
tack appeared to be about twice the length 
of the period of patent rise of infection, 
that is, from sixteen to twenty-six days. In 
tabulating the data for the 20 cases listed 
in figure 1, the duration of the period of 
patent rise of the infections was found 
to average about eleven days (fig. 3). For 
these cases, the duration of the initial 
parasitic attack might be said to average 
about twenty-two days. 

Destruction of Red Blood Cells.—Begin- 
ning at the time that the parasites were 
first microscopically demonstrable in the 
c.reulating blood, or one to three days 
after, the hematocrit value dropped slowly 
fig. 2 and 3). The rate of drop was soon 
greatly increased as the number of para- 
sites present increased. At the time of the 
peak of the infection, the rate of drop in 
tne hematocrit value became slower. 


DISCUSSION 


Theiler’ pointed out that, as judged by 
symptoms, certain animals were more se- 
verely affected than others by infections 
of a particular intensity, the difference 
being especially noticeable between calves 
and older animals. Theiler et al. concluded 
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Fig. 3—Graphic presentation of data pertaining to 
the rise and fall of the patent infection and the trend 
of the hematocrit value of the blood of the hosts 
during the initial parasitic attack for the 20 cases 
of anaplasmosis listed in figure 1. (A) Hemato- 
crit values; (B) per cent of red blood cells para- 
sitized; (C) average curves for data of (A) and 


that certain breeds of cattle appeared to 
be more susceptible to the disease than 
others. Boynton‘ reported that the pera- 
cute type of the disease, in which the in- 
fection is very intense and deaths occur 
within a short time after symptoms are 
manifested, was most prevalent in mature 
dairy cattle. In these experimental infec- 


tions, it was noted that, while symptoms 
such as sudden loss of condition and inap- 
petence were associated with severe ane- 
mia, such symptoms were not as severe in 
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intense infections in calves as in older 
animals, even though the lowest hemato- 
crit value of the blood was sometimes prac- 
tically the same in both age groups. 

Smith and Kilborne’ reported that the 
appearance of macrocytes and immature 
red blood cells in the circulating blood was 
reflected by immediate increase in the red 
blood cell count in certain cases, but not 
in others, and concluded that this differ- 
ence was due to the behavior of the para- 
site. Apparently, from observations of simi- 
lar phenomena, Boynton‘ concluded that 
there is an important variation in the 
ability of affected animals to regenerate 
red blood cells. In connection with the 
present studies, the time of the peak of 
the infection was always heralded by the 
appearance of macrocytes in the circulating 
blood. In calves, regardless of the severity 
of the infection, the hematocrit value of the 
blood began to improve within one to three 
days after the peak of the infection. In some 
of the older animals, the hematocrit value 
of the blood began to improve within such 
a period, but in others, it was much longer. 
The examination of blood films showed a 
correlation between the relative abun- 
dance of macrocytes and so-called imma- 
ture red cells in the circulating blood and 
the improvement in the hematocrit value 
of blood. The interpretation of these phe- 
nomena is in accord with that of Boyn- 
ton. Smith and Kilborne’s conclusions were 
based on the assumption that anaplasms 
were developmental stages in Piroplasma 
bigeminum and that the infected red cells 
were destroyed after the anaplasms at- 
tained the larger form. 

Sergent and coworkers’ concluded that, 
in experimentally induced infections, the 
larger the quantity of virus (number of 
anaplasms) injected at the time of inoc- 
ulation, the shorter the incubation period, 
the longer the parasitic attack of the first 
invasion, and the greater the number of 
parasites (anaplasms) found at the height 
of the infection. According to my obser- 
vations, the correlation between the num- 
ber of anaplasms injected into a new host 
and the phenomena associated with the 
resulting infections is especially marked 
in respect to the length of the incubation 
periods, but there are many exceptions to 
the rule stated above in respect to the in- 
tensity of the resultant infections. 
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From work with experimental transmis- 
sions, Ligniéres’ believed that successive 
inoculations generally raised the virulence 
of the causative agent of anaplasmosis. 
On the other hand, Sergent and coworkers 
found no evidence that the virulence was 
raised by such a procedure. In comments 
on various studies on chemotherapy, Par- 
kin’ stated that “in anaplasmosis, one: is 
dealing with a widely distributed para- 
site of considerable variations of viru- 
lency.” The present writer has not ob- 
tained any definite information on this 
possible variable; as far as could be deter- 
mined, the three different strains of Ana- 
plasma used were of comparable virulence. 

The more important fundamentals of 
anaplasmosis may be summarized as fol- 
lows: (1) Depending upon the number of 
parasites introduced at the time of inoc- 
ulation, a certain period is required for 
them to increase to the extent that they 
become microscopically demonstrable _ in 
blood films. (2) The red blood cell count 
or hematocrit value of the blood is not 
materially affected until the parasites are 
microscopically demonstrable. (3) The 
hematocrit value of the blood drops mosi 
rapidly for a few days before the peak of 
the infection; this rapid drop is terminated 
by the appearance of macrocytes in the 
circulating blood. (4) Depending upon the 
severity of the anemia, so-called immature 
or anemia cells make their appearance in 
the circulating blood. (5) The peak of 
the infection comes at the time when (or 
one to two days after) macrocytes. make 
their appearance; the period of patent rise 
of the infection is from eight to thirteen 
days. (6) Following the peak of an in- 
fection, the parasite population decreases 
at about the same rate that it rose in the 
period of patent rise of the infection. (7) 
Subsequent parasitic attacks, usually of 
diminishing intensity, occur with some de- 
gree of regularity. (8) Body tempera- 
tures indicative of fever may be present 
or absent; when present, such temperatures 
occur most regularly near the peak of the 
infection. (9) Visible symptoms of dis- 
ease are associated with the severe anemi2 
produced by the initial parasitic attack 
and are subject to much variation in se- 
verity; the symptoms disappear more or 
less gradually when the hematocrit value 
of the blood begins progressive improve- 
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ment. (10) Depending upon the ability 
of the host to regenerate red blood cells, 
the hematocrit value of the blood may be- 
gin to improve within a day or so after 
the peak of the infection, or no appreci- 
able improvement may be shown for as 
long as a week or more. (11) In severe 
infections, death of the host may occur at 
the time of, or shortly after, the peak of 
the infections; in mild infections in cases 
of prolonged anemia, deaths may occur a 
week or more after the peak of the in- 
fection. (12) The severity of anemia in 
all animals up to about 3 years old and 
in some of the older animals is roughly 
in keeping with the intensity of the in- 
fection; in some of the animals over 3 
years of age, severe anemia is produced 
by relatively mild infections. (13) The 
severity of an infection is not in keeping 
with the length of the prepatent period 
and is subject to much variation in re- 
gard to the quantity and character of in- 
fective material used as inoculum. 

It is apparent that there are certain 
variable factors which may influence ma- 
terially the expressions and the ultimate 
outcome of the disease. Since the _ in- 
fluence of such factors cannot be measured 
or suitably controlled, it is difficult to de- 
termine adequately the value of drugs 
used in treatment when they are admin- 
istered only to a relatively few sick ani- 
mals and their action is judged by the 
remission of symptoms and recovery. In 
order to use this method of testing drugs, 
conclusions should be based on _ results 
which are marked and consistent in many 
cases of anaplasmosis involving mature 
animals. However, there are two draw- 
backs to such a procedure, namely, (1) 
the expense involved in using many mature 
cattle in a single test; and (2) unless it 
is very marked, the parasiticidal action of 
a drug may not be readily ascertained be- 
cause the parasite population is either de- 


creasing or is about to begin to decrease 


at the time symptoms are first manifested. 

A second method of assessing the chemo- 
therapeutic value of drugs, especially from 
the standpoint of destroying the causative 
agent of anaplasmosis, is the administra- 
tion of drugs during the incubation period 
f experimental infections. However, this 
procedure also has certain drawbacks. For 
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example, the infectiousness of the inoculum 
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and the susceptibility of the inoculated 
animal remain to be proved, should the 
administration of drugs be followed by 
failure of anaplasms to appear in the blood 
of the presumably susceptible and treated 
animal. Again, should parasites make their 
appearance after treatment, it would not 
be possible to determine from the test 
whether or not the drugs had some para- 
siticidal action. 

This leaves for consideration the period 
of the patent rise of infection in experi- 
mentally produced infections. The data 
presented show that this patent rise of 
infection is relatively constant with ref- 
erence to time and character, regardless 
of the amount and character of the inoc- 
ulum or the age of the experimental ani- 
mal, and it seems, therefore, particularly 
well adapted for ascertaining the value 
of experimental chemotherapy of the dis- 
ease. At the time of this patent rise of 
infection, both the infectiousness of the 
inoculum and the susceptibility of the inoc- 
ulated animal have been determined and 
if, after the administration of any drug 
during this period, the infection continues 
to rise uninterruptedly it may be assumed 
that the drug has no primary value as 
a destroyer of anaplasms. If, on the other 
hand, the rise of infection is definitely 
stopped or materially delayed after the 
administration of a drug, it may be con- 
cluded that that particular drug merits 
further investigation. The use of the pe- 
riod of patent rise of infection to test 
the chemotherapeutic value of drugs in 
the treatment of anaplasmosis has added 
value in that fewer animals are required 
for the routine testing of drugs. A fur- 
ther advantage is the fact that, during 
the period of patent rise of infection, the 
animals are not as severely affected as 
they are later, and they are, therefore, 
better able to tolerate maximum doses of 
the drugs to be tested. 


SUMMARY 


Over 50 cases of experimentally pro- 
duced bovine anaplasmosis have been ex- 
amined and the data relative to these 
infections studied to determine the con- 
stants and variables in a search for cri- 
teria for evaluating the efficacy of drugs 
used in the treatment of the disease. It 
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was found that, although the course of 
the disease is variable, the period of pa- 
tent rise of infection is fairly constant. 
The data pertaining to 20 cases are pre- 
sented to illustrate these findings. It is 
suggested that this period of patent rise 
of infection may be utilized to test the 
value of various drugs as chemotherapeu- 
tic agents in the treatment of anaplasmosis. 
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A Technique for the Isolation of Coagulase-Producing 


Staphylococci from Milk in Bovine Mastitis 


DELIA M. VELILLA, M.S., J. E. FABER, Jr., Ph.D., and M. J. PELCZAR, Jr., Ph.D. 
College Park, Maryland 


THE SIGNIFICANCE of staphylococci as the 
causative agent of bovine mastitis has 
been reported by numerous investigators. 
It also has been observed by Slanetz, Howe, 
and MacLeod” that staphylococci of human 
infections may be similar to staphylococci 
responsible for bovine mastitis and that 
staphylococcic mastitis is not caused by a 
specific group of staphylococci of bovine 
origin. 

The problem of isolating pathogenic 
staphylococci from either human or bovine 
infections has led to the development of 
several mediums to facilitate the identifi- 
cation of pathogenic strains of staphy- 
lococci. Chapman and Berens’ and Chap- 
man* used crystal-violet agar; Chapman, 
Lieb, Berens, and Curcio* used bromthymol 
blue, lactose agar; and Beveridge’ has rec- 
ommended alkaline blood medium. Chap- 
man, Lieb, and Curcio’ used phenol red, 
mannitol agar. Recently, Chapman’ has de- 
veloped two new mediums, one a modifi- 
cation of the phenol red, mannitol agar and 
the other designated as Staphylococcus 
Medium 110. These two mediums have 
been evaluated in this study. 

Properties of the staphylococci isolated 
were determined to establish them as prob- 
ably pathogenic or nonpathogenic strains. 
Main emphasis was placed upon the re- 
sults of coagulase tests, since production 
of coagulase is the most consistent and 
reliable in vitro test for the differentiation 
0: pathogenic from nonpathogenic staphy- 
lococei. 
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EXPERIMENTAL 


Source of Material.—Ten-cc. samples of 
milk from each quarter of cows suspected of 
having mastitis were collected in sterile, screw- 
capped tubes. Precautions were taken to pre- 
vent contamination during the collection of 
samples. 

Plating of Specimens.—Each sample of 
milk was shaken 30 times by hand, after 
which 0.1 cc. was placed on the appropriate 
plating medium and the surface uniformly 
inoculated with a sterile, bent glass rod. 

Mediums Employed.—Two plating mediums 
were used for each sample: (1) Difco phenol 
red, mannitol, salt agar (PRMS), dehydrated 
(experimental) ; and (2) Difco Staphylococcus 
Medium 110 (SM 110), dehydrated (experi- 
mental), having the following composition: 


1) Bacto phenol red, mannitol, salt agar, 
dehydrated (experimental) 
Proteose-Peptone No. 3, Difco .. 10.0 Gm 
Bacto-Beef Extract ........... 1.0 Gm 
Sodium Chloride .............. 75.0 Gm 
Bacto-d-Mannitol ............. 10.0 Gm 
Bacto-Phenol Red ............ 0.025 Gm 


2) Staphylococcus Medium 110, dehydrated 
(experimental ) 


Bacto Yeast Extract ............ 2.5 Gm 
Bacto-d-Mannitol ............... 10.0 Gm 
K:HPO, anhydrous, reagent grade 5.0 Gm. 


Alkaline bromthymol blue, lactose agar 
proved unsatisfactory for milk samples. 

Isolation of Staphylococci.—The PRMS 
plates were incubated at 37 C. for thirty-six 
hours and then examined for colonies sur- 
rounded by yellow haloes as well as for large 
nonfermenting colonies. A portion of each 
colony was used for the slide-clumping test 
and the remainder was used to prepare a 
pure culture on proteose, lactose, salt agar as 
recommended by Chapman.‘ After forty-eight 
hours’ incubation, colonies on SM 110 were 
selected on the basis of pigment and treated 
in the same manner as those selected from 
PRMS. 

Determination of Coagulase Activity o/ 
Staphylococci.—Several procedures were em- 
ployed to determine the ability of the or- 
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ganisms to produce coagulase. The methods 
are described here in brief. Pooled, fresh, 
whole rabbit blood and pooled, fresh rabbit 
plasma were used in all tests. The blood 
from 5 mature rabbits was pooled and co- 
agulation was prevented by the addition of 
0.5 ce. of 10 per cent sodium citrate to each 
10 cc. of blood. Some of the techniques were 
repeated, using pooled, lyophilized, whole rab- 
bit blood and plasma. 


Am. J. VET. Res. 


1) Slide-Clumping Test.—This method was 
described by Cadness-Graves, Williams, Har- 
per, and Miles.” A drop of water was placed 
on a clean slide with a 2-mm. loop, and a 
portion of a suspected colony was emulsified 
in this to produce a heavy, homogenous sus- 
pension. A i1-mm. loopful of fresh, rabbit 
plasma was mixed with this suspension with 
a rapid circular motion for ten seconds. The 
preparation was then examined for evidence 


TABLE !—The Coagulating and Hemolytic Properties of Staphylococci Isolated from Cow's Milk 


Staphylococcus Medium 110 (SM 110) 


Coagulase Tests 


Strain Plate Slide- 0.3 cc. * 0.03. ec. * eS 
desig- hemo- clumping - 

nation lysis test Whole Whole Plasma 

Plasma blood Plasma blood dilution 
21 + + 60 60 0 0 24 
22 +t. “he 0 0 60 30 2 
23 “+ ot 45 30 0 45 24 
52 t +. 45 30 60 30 4 
59 4. 4 60 45 45 30 3 
63 + oo 15 15 45 30 3 
79 + + 15 15 60 60 2 
80 Zs 4 30 30 0 30 2 
81 + + 45 45 45 30 2 
82 0 “+ 45 45 45 30 2 
83 + + 30 30 60 45 2 
84 1 4 60 60 60 60 3 
85 0 + 15 15 45 30 1 
89 0 r 60 30 60 45 2 
94 60 60 0 45 2 
98 4 -+. 15 15 45 30 1 
104 + + 45 30 60 30 3 
108 a a 45 3 60 45 3 
111 + + 30 30 45 15 2 
112 30 30 45 15 1 
114 a a + 45 30 0 45 3 
115 a + 45 45 60 30 3 
118 + + 30 45 45 30 2 
124 ots ot 15 15 60 45 2 
125 +- + 60 60 0 45 3 
131 45 45 30 30 3 
132 + + 60 60 45 45 2 
139 + 30 30 60 45 2 
140 + + 30 45 0 30 2 
141 4 + 30 15 5 45 3 
218 -{- te 30 30 30 30 2 
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Phenol red, mannitol, salt agar (PRMS) 


68 0 + 45 45 60 45 3 
70 we -f. 30 30 0 30 3 
72 + 4 30 60 60 60 2 
73 4 t 30 30 45 30 2 
74 45 30 60 60 2 
75 0 +. 45 45 60 60 2 
76 ok + 30 30 60 60 2 
77 aa oad 60 60 0 45 3 
78 0 + 15 15 45 30 1 
86 0 - 45 30 60 30 2 
87 0 + 30 30 45 30 1 
143 -b + 60 60 60 30 3 
149 4 oh 30 30 45 15 24 
153 + + 60 45 30 45 2 
154 L oo 30 30 30 30 24 
158 + + 45 45 30 30 1 
160 + -+ 60 45 45 30 2 
161 45 30 45 30 2 
SM 110 $99 0 0 0 0 0 0 0 
SM 110 i + 0 0 0 0 0 0 
72 0 0 0 0 0 0 0 


PRMS 


*Numbers in these columns represent time in minutes before coagulation was observed. 
0 denotes negative. t Numbers in this column denote time in hours before coagulation 
was observed. {¢ The total number of strains that were negative on all coagulase tests. 
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of clumping, with the aid of a microscope 
lamp. 

2) Tube Coagulase Tests.—The methods 
used were described by Chapman.° Into each of 
two serologic tubes containing 0.3 cc. of Bacto 
brain-heart infusion each, a large loopful of 
the growth from a twelve- to eighteen-hour- 
old, proteose, salt-agar slant was well mixed. 
To one tube was added 0.3 cc. of fresh rabbit 
plasma and to the other an equal quantity 
of fresh, whole rabbit blood. The tubes were 
shaken and incubated at 37 C. in an incu- 
bator and observed at fifteen-minute inter- 
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ture was ascertained by preparing Gram 
stains at the time the slide-clumping tests 
were performed. 


RESULTS 


A total of 227 strains of staphylococci 
were isolated from 270 quarter samples of 
milk from cows suspected of having masti- 
tis. A total of 137 strains were isolated 
on the SM 110 and 90 strains were 
lated from PRMS. 


iso- 


TABLE 2—The Use of Lyophilized Whole Rabbit Blood and Plasma Compared with Fresh Whole 
Blood and Plasma for Coagulase Determination 


Fresh material 


Lyophilized material 


No. Slide- 0.03 ce. 0.3 ce. 0.03 ce. 0.3 ec. 
cul- clumping* Whole Whole Whole Whole 
tures test Plasma blood Plasma blood Plasma blood Plasma blood 
23 + + + + + + + + + 
2 + + + + 4 0 + 4 4 
2 + + + 0 + 4 + 0 
2 + + + + + -+- + 0 0 
1 + 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 


*The slide clumping test was performed 


vals for one hour. Cultures which failed to 
produce coagulation at the end of one hour 
were considered as coagulase-negative. 

A micro-modification of this procedure was 
performed using 0.03-cc. amounts of brain- 
heart infusion and blood or plasma, instead 
of the 0.3-ce. amount used in the above de- 
scribed technique. The growth from one colony 
was used as inoculum. 

These tube coagulase tests were repeated 
on a group of 38 strains of staphylococci, 
using lyophilized rabbit plasma and whole 
blood in place of the fresh whole blood and 
plasma. 

3) Tube Coagulase Test Using 1:3 Di- 
lution of Fresh Plasma.—This method was 
described by Chapman, Berens, and Stiles.’ 
A 4-mm. loopful of growth from a _ twelve- 
to eighteen-hour, proteose, lactose, salt-agar- 
slant culture was emulsified in 0.5 ec. of a 
1:3 dilution of fresh rabbit plasma, incu- 
bated at 37 C. and examined for the pres- 
ence of a clot at one-hour intervals for four 
hours. Tubes which showed no clotting at 
the end of four hours were kept overnight 
at room temperature and examined the next 
day for clot formation. 

Hemolytic Activity (Plate Method) .—Hemo- 
l\tie aetivity of the staphylococci was deter- 
ined by streaking rabbit-blood-agar plates. 
lhe degree of hemolysis was noted at the 
end of twenty-four hours’ incubation at 37 C. 

Pigment Production.—The degree of pig- 
ment produced was determined from the ap- 
pearance of colonies on SM 110 after forty- 
eight hours’ incubation at 37 C. 

Morphology.—The morphology of each cul- 


with fresh plasma only. 


Characteristics of the staphylococci iso- 
lated as determined in this study are pre- 
sented in table 1 which indicates that 
coagulase-producing staphylococci were iso- 
lated from 31 of the 270 quarter samples 
of milk on SM 110 while only 18 coagulase- 
producing staphylococci were isolated from 
PRMS. Although the source of isolations 
is not indicated in table 1, it was observed 
that in 15 instances both mediums yielded 
coagulase-positive strains from the same 
quarter sample. The SM 110 yielded 16 
coagulase-positive strains which failed to 
show up on the PRMS, and three isolations 
were made of coagulase-positive strains 
from PRMS, which failed to show up on 
SM 110. 

Growth of staphylococci on the SM 110 
generally was much heavier than that on 
the similar plate of PRMS. Indeed, in 
some instances, there were cases when only 
the former medium showed growth of 
staphylococci. 

Analysis of the coagulase data (table 1) 
shows agreement in all tests in 39 of the 
49 coagulating strains. The others were 
positive except in the following instances: 

Strain 21 was negative with 0.03 cc. of 
plasma and whole blood; strain 22 was 


__ 
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negative with 0.3 cc. of plasma and whole 
blood; and strains 23, 70, 77, 80, 94, 114, 
125, and 140 were negative with 0.03 cc. 
of plasma. 

To ascertain the usefulness of lyophilized 
plasma and whole blood for the coagulase 
test, 38 of these cultures were selected at 
random and the tube coagulase techniques 
were repeated, using the lyophilized pro- 
ducts simultaneously with tests performed 
with fresh material. These results are 
presented in table 2 which shows that 23 
strains gave positive coagulase tests when 
either fresh or lyophilized whole blood or 
plasma was used. Eight strains were nega- 
tive in all tests. Seven strains were posi- 
tive except that two were negative with 
0.03 cc. of lyophilized plasma, two were 
negative with 0.3 cc. of fresh and lyophil- 
ized plasma, and two strains were negative 
with 0.3 cc. of lyophilized plasma and whole 
blood. One strain was positive with the 
slide-clumping technique only. 


DISCUSSION 


The SM 110 was more efficient than 
PRMS for the recovery of plasma-coagu- 
lating staphylococci from milk. In 16 in- 
stances, they were isolated from the former 
but not from the latter; whereas, only 
three coagulase-positive strains were iso- 
lated from the PRMS but not from SM 
110. Therefore, both mediums should be 
used for maximum efficiency. Chapman’* 
recommends SM 110 for routine work, but 
for heavily contaminated specimens, he sug- 
gests the use of PRMS. 

The slide-clumping test was found to 
be a reliable, simple test for the identifi- 
cation of plasma-coagulating staphylococci 
isolated from milk. It has the additional 
advantage of being the most rapid since 
it can be performed in less than a minute 
on colonies taken directly from isolation 
plates. Results obtained by the slide- 
clumping test were checked, using various 
tube coagulase methods. In all instances, 
the cultures which failed to clump in plasma 
by the slide test also failed to coagulate 
blood and plasma by the tube methods. 
All strains but one which clumped in plasma 
were also coagulase-positive by practically 
all of the tube methods. Cultures taken 
directly from the isolation plates occasion- 
ally gave indefinite results due to the 


failure of these cultures to produce homo- 
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genous suspensions. After subculturing on 
proteose, lactose, salt agar, these cultures 
emulsified well in the drop of water with 
two exceptions. One of these strains proved 
to be coagulase-positive and the other co- 
agulase-negative on subsequent tests. The 
others gave negative results when the slide 
test was repeated. However, a large pro- 
portion of these doubtful colonies failed 
to grow on proteose, lactose, salt agar, and 
they proved not to be staphylococci upon 
microscopic examination. This observation 
agrees with Chapman’s findings.‘ 

Comparison of results of tube coagulase 
tests using 0.3 cc. and 0.03 cc. of fresh 
plasma and fresh whole blood (table 1) 
show that the 0.03-cc. plasma test was 
negative in nine instances when other tests 
were positive, while 0.3 cc. of plasma and 
whole blood and 0.03 cc. of whole blood 
were negative in only one instance when 
other tests were positive. From this ob- 
servation, the use of 0.03 cc. of plasma 
for coagulase tests would not appear to 
be satisfactory. The use of either 0.03 cc. 
or 0.3 cc. of whole blood is recommended. 

Comparative tests using lyophilized rab- 
bit blood and plasma and fresh, rabbit 
blood and plasma showed that, for practical 
purposes, the lyophilized products appear 
to be as satisfactory as fresh blood or 
plasma. 

The tube coagulase test using 0.5 cc. of 
a 1:83 dilution of fresh, rabbit plasma is 
highly reliable. However, it requires much 
longer incubation. 

Results of plate hemolytic activity of 
cultures isolated showed that a complete 
correlation did not exist between plate 
hemolysin and coagulase production. Forty- 
one of 49 coagulase-positive strains were 
hemolytic, and 41 of 48 hemolytic strains 
were coagulase-positive. 

Pigment production on SM 110 did not 
show complete correlation with hemolytic 
activity and the production of coagulase. 
Although there was a greater number 
of coagulase-positive and hemolytic strains 
among the pigmented cultures, not a’! 
pigmented strains produced coagulase an‘ 
hemolysin. However, all the nonpigmente: 
(white) strains failed to produce hemo- 
lysin and coagulase. 

On the basis of these results, the fo’- 
lowing procedure is suggested for the is: - 
lation of coagulase-producing staphylococ:i 
from milk: 
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a) Spread 0.1 ec. of a thoroughly shaken 
milk sample on each of two plates, one con- 
taining PRMS and the other containing SM 


110. 

hb) Incubate the SM 110 plates for forty- 
eight hours* at 37 C., and the PRMS plates 
at 37 C. for thirty-six hours. 

c) Pick any suspicious colony or colonies 
and test by the slide-clumping test. Prepare 
a smear for Gram staining. 


SUMMARY AND CONCLUSIONS 


A procedure for the isolation and identi- 
fication of coagulase-producing staphylo- 
cocci from milk in bovine mastitis is 
suggested. 

The use of both phenol red, mannitol, 
salt agar (PRMS) and Staphylococcus 
Medium 110 (SM 110) are recommended 
to insure maximum recovery of coagulase- 
producing staphylococci from suspected bo- 
vine mastitis. 

The slide-clumping test using fresh, 
pooled rabbit plasma is recommended for 
routine use since all strains but one which 
were clumped by rabbit plasma were also 
coagulase-positive by two or more of the 
tube tests. 

Slide-clumping reactions can be checked 
by subculturing colonies on proteose, lac- 
tose, salt agar and using these cultures 
emulsified in 0.03 cc. brain-heart infusion 
broth to which is added an equal amount 


*In a recent communication, 
reported that forty-three 


Chapman has 
hours’ incubation 


gives best results. 


of either pooled, lyophilized, whole rabbit 
blood: oer pooled, whole rabbit blood. 

All coagulase-positive strains showed pig- 
ment when grown forty-eight hours on 
Staphylococcus Medium 110 

There was poor correlation between plate 
hemolysin, pigment production, and co- 
agulase production. 
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Preliminary Tests in Mexico with DDT, Cube, 
Hexachlorocyclohexane (Benzene Hexachloride), and 
Combinations Thereof, for the Control of the Cattle 

Fever Tick, Boophilus Annulatus 


N. G. COBBETT, D.V.M. 
Albuquerque, New Mexico 


PIROPLASMOSIS and the cattle fever tick 
that disseminates the disease are still seri- 
ous obstacles to the cattle industry in cer- 
tain parts of Mexico. Cattle growers in 
these areas have long experienced difficul- 
ties in controlling the fever ticks through 
the usual practice of repeated dippings of 
their cattle in arsenical solutions. The 
semitropical climate and _ brush-covered 
range lands of the infested areas afford 
ideal conditions for the propagation of fe- 
ver ticks and their attachment to host ani- 
mals. Therefore, recently dipped animals 
soon become reinfested with the ticks. Re- 
peated dippings in arsenical solutions under 
warm climatic conditions require meticu- 
lous care in mixing and testing the po- 
tentially poisonous arsenical dips. Lack of 
such precautions often results in serious 
damage among recently dipped cattle. In 
such instances, numerous animals often 
show evidence of skin blistering, muscular 
stiffness, and heat depression for several 
days following routine dipping in arsenical 
dips, and considerable death loss among 
these animals is not an uncommon sequel. 

The success reported by Squibb’ in his 
work with DDT and rotenone for control- 
ling the fever tick, Boéphilus microplus 
(Canestrini, 1887; Donitz, 1907), in Costa 
Rica, and results obtained recently by in- 
vestigators in this country with DDT, ro- 
tenone, and hexachlorocyclohexane as ticki- 
cides for some species of ticks, suggested 
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the possibility that cattle dips containing 
these newer insecticides might prove to be 
more effective and less hazardous than the 
commonly employed arsenical dips for the 
control of these ticks. Therefore, permis- 
sion was obtained from the government 
authorities in Mexico to conduct the tests 
in that country which are described in thi: 
paper. 


MATERIALS AND METHODS 


The investigations were conducted on a 
large ranch owned by the Mariposa Company, 
located in the state of Coahuila, about 100 
miles south of Eagle Pass, Texas. 

Animals Involved.— Forty-one cattle, gross- 
ly infested with fever ticks in all stages of 
development, were selected from the ranch 
herd of grade Hereford range cattle for the 
experiments. These animals, ear-tagged for 
identification, were confined in a known tick- 
infested pasture throughout the duration of 
the investigations. Lactating cows with nur- 
sing calves were purposely included among 
the animals selected in order to ascertain 
what effects the insecticides tested would have 
upon them and their calves. 

Thirty-eight of the animals were utilized 
in testing the tickicidal value of 14 different 
solutions containing various concentrations of 
the insecticides and combinations thereof. The 
remaining 3 cattle were dipped in a regulation 
0.19 per cent arsenical dip for comparative 
observations. 

Composition and Preparations of Solu- 
tions.—The insecticides tested during the in- 
vestigations were: DDT (technical), cube 
powder (4.4% rotenone content), and hexa- 
chlorocyclohexane (30% gamma isomer). The 
14 different solutions tested contained 1.0, 
1.5, and 3.0 per cent of DDT alone; 1.0 
and 5.0 per cent of cube powder alone; 0.25, 
0.50, and 1.0 per cent of hexachlorocyclohexane 
alone; combinations of DDT and cube con- 
taining 1.0, 1.5, and 2.5 per cent of each; 
DDT and hexachlorocyclohexane containing 
0.25 and 1.0 per cent of each. All measure- 
ments were weight-by-volume. 

The desired amounts of the DDT and/or 
hexachlorocyclohexane were first dissolved in 
either xylol or benzol, then emulsified in either 
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TABLE |—Data on Preliminary Tests with Solutions Containing DDT, Rotenone, Hexachloroc 


sRain in: = 


Let e : Date : Time elapsed i:Kain tm: Time elapsed ‘Rain in: Time elapsed 
No. Composition of solutions ,tavolved Cattle; isorayed:since treatment: inches: te teince treatment : inches Results isince treatment: inches: 
: DDT 1.% : Dry cow 3 i Few engorged adult female 3 Few engorged adult female Th 
: Kylol 2.0% : Dry cow 3 34-29-46: 1 day 3 O iticks alive; all other ticks : 3 days 3 O iticks alive; dead adult ticks: 10 days s 1,09 :tic! 
1 3 Soluble ofl 3.0% Bull 3 3 : teither dead or apoarently 3 tmostly dislodged; smaller 3 
Water, q.s.ad. 100. 0% H tdying; many dead ticks in : tdead ticke adhering to skin. : 3 idis 
F 3 3 3 3 H tall stages adhering to skin. : 3 3 H 3 3 tic! 
DOT 1.5% : Lactating cow : i Few engorged and unengorged : 3 3 On 
; Benzol 3.0% Bull 2 :-7-46 : 2 days 0.32 tadult female ticks alive; all: --- 3 3 3 9 days : 0,61 :adu 
2 : Soluble oil 4.5% 3 tother ticks dead and remain- : 3 
Water, q.s.ad. 100.0% 3 ting adherent to skin. 3 idea 
3 3 3 H 3 3 ito 
: Dor 3,0b + Lactating cow : 3 t 3 t No live ticke found; : 3 : Ho live ticks found; all 3 3 3 ilo 
Xylol 6.0% Dry cow the 29-46: l day : O tnumerous dead.ticks in all 3 days tdead adult ticks dislodged; : 10 days : 1.09 :dea 
Soluble ofl 9.% : Heifer 1 tetages found adherent to tmany smaller dead ticks 3 sadh 
Water, q.6.ad. 100, Of 3 3 Fy 3 teokin. 8 remaining adherent to skin. i: 3 8 
3 i 3 3 3 3 3 3 
: Dry cow 3 3 engorged adult female ; 3 3 Sal 
: Cube 1.0% : Dry cow the29-46: 1 day : 3 daye : +: Same ae at l-day post- : 10 days : 1.09 tre 
4 : Water, q.s.ad, 100. Of Heifer ‘apparently dying: numerous treatment examination. 
: : : t : ;development. : : : : 
: Cube 5.0% : Bull 2 &29-46: 1 day O : Same as lot No. dut 3 days O Same as at l-day post- : 10 days 1.09 :tre 
5 Water, q.e.ad. 100, % Heifer 2 3 living ticks somewhat treatment examination dot 
t 3 3 3 3 3 3 
Hexachlorocyclohexzane 0.25% : Heifer i 3 Few engorged and unengorged : : Few engorged and unengorged : : Sa 
Iylol 0.50% Dry cow 4-30-46: 2 hours O tadult ticks alive; remainder : 2 days QO tedult ticks alive but showing: 19 days 1,09 
6 +: Soluble oil 3.0% : Lactating cow : 3 3 3 tof ticks dead or apparently : 3 slittle movement; numerous 3 : stic 
Water, q.s.ad. 100.0 3 3 tdying; dead ticks remaining : tdeed ticks in all stages of : tnum 
3 3 H H tadherent to skin. 3 idevelopment adherent to skin.: 
+ Hexachlorocyclohexane 0.5 % : Dry cow : 3 3 3 : Few engorged adult female 3 3 Fy 3 3 : No 
: Bengol 1.04 : Heifer : 2 57-46: 2 days : 0.32 iticks alive, but apparently : --- 3 : FY 9 days 2 0.61 :dee 
7 + Soluble oil 5.5% 3 3 : tdying; remainder of ticks 
Water, q.e.ad, 100.0% 3 3 tdeed and adhering to skin. : trem 
3 3 3 3 3 3 3 3 
Hexachlorocyclohezane 0.506 Lactating cow : 3 Few engorged adult female : 3 3 : Fe 
Xylol -00% Bull 2 157-46: 2 days : 0.32 tticke alive, but apoarently : --- 9 days : 0.61 :tic 
8 +: Soluble pine oi] 2.008 3 tdying; remainder of ticks 3 3 tayi 
Triton B-1956 0.5% 3 : : tdead and adhering to skin. 3 idis 
: Hexachlorocyclohezane 1.0% : Dry cow 3 No live ticks found; 3 : No 
t Iylol 2.0% Lactating cow : 1 day : ticks rapidly becoming : 3 days live ticks found. Dead : 10 days : 1.09 :you 
9 1 Soluble oil 5.5% +: Lactating cow: :dislodged. 3 i ticks mostly dislodged. 3 3 : for: 
: Water, q.e.ad. 100.0% 3: : 3 ted; 
: DOT 1.0% : Dry cow Few engorged female ticks : : Few engorged adult female : 3 
t Cube 1.0 # : Heifer 3 2 7h 29-46: 1 day O talive; remainder of ticks ’ 3 days 3 0 itticks alive, but apparently : 10 days : 1.09 seme 
10 Xylol 2.0% Dry cow tdead and sdhering to skin. sdying; deed adult ticks all : tadh 
t Soluble oil 3.0% 8 tdislodged; emaller dead ticke: 
i Water, g.s.ad. 100.0 H H tremeining adherent to skin. 3: 3 3 
: DOT 1.5% Dry cow 3 : Few engorged adult female 3 3 3 3 : No 
t Cube 1.5% Heifer 1 2 days : 0.32 tticke alive; remainder of : Fy 9 daye : 0.61 :dea 
1l : Benszol 3.0% tticke dead and adhering to 3 
Water, q.s.ad. 100.0% 3: : : : : 3 
: DOT 2.5 : Dry cow : No live ticks found; ticks : : No live ticks found; many : Ne 
: Cube 2.5 % 3 Lactating cow : th-29-46: 1 day O idesd and sdherent to skin. 3 3 deys : Oo tdead ticks had become : 10 days : 1.09 :dea 
12 : Xylol 5.0% : Dry cow : : : 3 tdislodged, ifew 
Soluble ofl 75% 3 : 3 : : ren 
: Water, q.s,ad. 100.0 H 3 3 3 H 3 3 
: DDT 0.25% Lactating cow : : Few engorged adult female : 3 : Few engorged adult female : 3 No 
: Hexachlorocyclohexane 0.25% : Dry cow Fy th-30-46: 2 hours H O iticks alive; remainder of 3 2 days FY 0 iticke alive but apparently H 10 days : 1.09 :dea 
13° + Xylol 0.50% : Dry cow 3 3 Fy 3 tticks dead and adhering to 3 3 tidying; many dead ticke had 3 3 Few 
t Soluble ofl 3,008 : tekin. tbecome dislodged. 3 trem 
Water, q.s.ad. 100.008 3 3 3 3 : : : : 
3 DoT 1.0% Dry cow No live ticks found; 3 : No live ticks found; all No 
Hexachlorocyclohexane 1.0% : Dry cow th-30-46: hours 3 O 3: dedd ticks adhering to 2 days idead adult ticks dislodged; : 10 days : 1.09 :dee 
14 Xylol 4.0% Dry cow 3 3 skin. tsome smaller dead ticks 3 
Soluble ofl 5.5% 3 FY 3 : : : 3 tremaining. 3 trem 
Water, q.s.ad. 100.0% 3; t 3 3 3 
+ CONTROLS: Dipped in vat : Dry cow : F : : t No dead ticks found, F 3 : Many dead and many live 3 : 3 Fe 
containing regulation Dry cow : 1 day 3 : 3 days : sticks in all stages of : 10 days 1.09 tadu 
15 areenical dip tested at 0.19 3 Dry cow 3 (Arsenical dip usually 3 tdevelopment. tadu 
3 3 trequires longer period of : tema 
ttine to kill fever ticks.) : 3 : tadh 
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ichlorocyclohexane, and Various Combinations of 


These Chemicals for the Control of the Cattle Fever Tick, Bodphilus Annulatus. 


in in: 3 Time elapsed Fain in: 2 Time elepsed :Rain in: : Time elapsed :Rain in: : Time elapsed :Bain in: 3 
aches: Reculte isince treatment: inches: Resulte teince treatment: inches: Resulte teince treatment: inches! Resulte tsince treatment: inches: Results 
: Three engorzed adult female : 3 t One live tick, an adult male: 3 : Few nymphe and young adult ;: : + Many nymphe and few young : : 4 Many live ticks in all 3 
1.09 :ticks alive; two apparently : ‘14 days : 0.61 isome small dead ticks adher- : 25 days : 0.18 tticke alive; very few dead : 32 days + 1.62 : adult ticks alive; no dead + U5 daye : 0,09 tetagee of development. $ 
tdying; dead edult ticks : ting to ein; remainder of 3 ticks remaining adherent ticks remaining. : : 
tdislodged; some smaller dead : tdead ticks dislodged. 3 tto skin. 3 3 
tticks rem-ining. 3 H H 3 3 H 3 3 3 3 
One live tick, an engorged : : One engorged and one unen- : : Few nymphs and young adult : : 
0.61 :adult female; dead edult : 16 days : 0.18 izorged edult female tick and : 23 days : 1.62 :ticks elive; no dead ticks : --- : 3 : 38 days : 0.09 : Some live ticke in all t 
iticks dislodged; some smsller: 3 tone adult male tick alive; : :found, tetages of development. 
idead ticks remaining edherent: tvery few dead tick carcasses 3 3 t 
ito skin. H tremeining. H 3 3 3 3 3 
: No live ticks found; sone 3 3 : One live engorged adult Fy 3 : Very few nymohe alive; no : : : Few nymphs and very few young: 3 : Few live ticks in all : 
1.09 :dead emall ticks remaining 18 days : 0.61 :female (possibly miseed on 25 days 0.15 tother living ticke found; 32 days 1.62 adult ticks alive; no dead U5 days 0.09 : stages of development. 
sadherent to ekin. : iprevious inspection); few : tan occeelonal dead emell ticks found. : : 
3 3 sdead emall ticke remaining 3 stick found adhering to skin. : 
: Same as at 3-day post- 3 3 : Few live ticks in «ll etages: 3 3 ; : + Many live ticks in all : : : Numerous live ticks in : 
1.09 :treatment examination except : 18 days : 0.61 tof development; few small : 25 days : 0.18 : Same ae at 18-day post- : 32 deys $ 1.62 : stages of development. No + 45 daye : 0,09 : all stages of development. i: 
sboth liwing end dead ticks H tdead ticks remaining adher- : 3 treetment examination. dead ticks found. H 
: Same as at 3-day post= 3 : Few live ticks in all 3 8 3 : Many live ticks in all 3 Numerous live ticks in all : 
1.09 :treatment examination except : 1% days : 0.61 tetages of development; few 3 25 days : 0.18 : Same as at 18-day vost- 3 32 daye : 1.62 & stagee of development. No, : U5 daye + 0,09 : stages of development. ’ 
sdoth living and dead ticks 3 3 temall dead ticks remaining H 3 3 treatment examination. 3 Hy : dead ticks found, 3 3 ry H 
twere fewer in number. 3 3 tadherent to ekin. H 3 3 
: Same as et 2-day post- 3 } 3: Seme as at 10-day vost- 3 3 : Few live ticks in all ; ; + Many live ticks in all F 3 + Numerous live.ticke in all i: 
1.09 :treotment examination; dead : 16 days : 0.61 ‘treatment examination; one Fy 25 days : 0.18 t:etages of development; dead : 32 days : 1.62: etages of development. No U5 days : 0.09 ¢ stages of development. : 
tticke somewhat fewer in 3 ivery active adult male tick : tticke practically all dis- dead ticks found. 
tnumber. 3 tfound. 3 slodged. 3 3 3 
3 No live ticke found. All 3 3 : Few nymphs and young adult : 3 : Many nymphe and young adult + 3 3 3 3 + Numerous live ticks in all i: 
1.61 adult ticks dislodged; : 16 days : 0.18 iticks alive; few omall dead : 23 days : 1.62 sticks alive; dead ticke : 38 days : 0,09 : stages of development. 
itmany emaller desd ticke tticks remaining adherent to : tpractically all dislodged. 3 3 
: Few engorged adult female : Few nymphs and one adult Many ngwphe and young adult : Numerous live ticks in all : 
>.61 :ticke alive but apparently : 16 days : 0,18 tengorged female tick alive; : 23 daye : 1.62 sticks alive; desd ticks 0 = : : : 38 daye : 0.09 : stages of development. Hy 
tdying; all dead adult ticks : tfew emcll dead ticks remain- : tpractically all dislodged. H Fy 3 
tdislodged; many smaller dead : 8 ting adherent to skin. : 3 
iticks adhering to skin, H H H H H H 3 
No live ticke found; few : : : : Many live ticks in all Numerous live ticks in all : 
1.09 syoung adult ticks retaining : 12 days : 0.61 : Very féw nymphs alive. : 25 daye : 0.18 + Many nymphe and few young : 32 days 1.62 : stages of development; no : U5 days : 0,09 : stages of development. H 
:form but no movement detect- : 3 H adult ticke alive. dead ticks found, 
ted; no dead ticks found. 3 3 3 3 
: do live ticks found; some 3 3 : Four engorged adult female i: 8 : Few nymphs, young adult 3 $ + Many nymohs, few engorged 8 3 : Many live ticke in all : 
1.09 :emell dead ticks remeining : 18 days : 0,61 iticke found alive (probably 3 25 days : 0,18 iticks and one engorged Hy 32 days t+ 1.62 ¢ and unengorged adult ticks $ 45 daye : 0.09 : stages of development. H 
sadherent to skin. 3 imigssed previous inspection). : female adult tick alive; : alive; no dead ticks found, 
:Very few smell dead ticks tno dead ticke found. : 3 
3 3 3 tremaining adherent to skin. ? H 3 3 3 
: No live ticks found; all Fy 3 : Two young adult female ticks: t : Few nymphs, young adult A ; : ’ : Some live ticks in all : 
1.61 :dead adult ticks dislodged; : 16 days : 0,18 falive (probably missed prev- : 23 days t 1,62 sticks and one engorged : 38 days 0.09 : stages of development. 
imany smaller dead ticks ttous inspection); few emall : 3 tfemale adult tick alive; 3 3 : 3 
tremaining adherent to skin. : : tdead ticke remaining adherent: H tno dead ticks found. : : : : H H : 
H H ito skin. 3 3 : H H : 
: No live ticks found; all F 3 : No live ticks found; very 3 3 : Few nymphe and young adult : ; _ ¢ Same as at 25-day post- F : Few live ticks in all ; 
1.09 :dead adult ticks dislodged; : 18 days t 0.61 :few amall dead ticks remain- : 25 days : O.18 iticke alive; no dead ticke : 32 days $ 1.602 ! treatrent examination; H 45 days : 0.09 : etages of development. 3 
tfew smaller dead ticks 3 ting adherent to skin. : found, 3 : little if any increase in 3 : 
: No live ticks found; all 3 3 : No live ticks found; wery : 3 : Few nymphs and young adult : 3 + Many live ticks in all $ g : Numerous live ticks in all : 
1.09 :dead adult ticks dislodged. : 18 days : 0.61 :few emall dead ticks remain- : 25 days : 0.18 iticks alive; no dead ticks : 32 daye : 1.62 % stages of development. g U5 days : 0.09 : stages of development. 3 
sFew smaller dead ticke 3 ting adherent to skin. sfound, : : 
3 3 3 3 3 3 3 
y : No live ticks found; all : 3 : No live ticks found; very 3 3 : Few nymohe end young adult : : + Few nymphe and young adult 3 3 : Som: live ticks in all 3 
1.09 :deed adult ticks dislodged; 18 days 0,61 :few emall dead ticks remain- : 25 days 0,18 tticks alive; no dead ticks 32 daye 1.62 ticks alive; slight increase : 45 deye 0.09 : stages of development. 
emaller dead ticke ting adherent to skin. 3 sfound. : * in number of live ticks. H H 
tremaining. : 3 : : : : : 
3 3 3 3 3 H 3 3 3 
: Few engorged and unengorged : : : Few live ticks in all stages: 3 : Many live ticke in all : F + Same as at 25-day post- : : + Numerous live ticks in all : 
1.09 tadult ticks alive; ell dead : 16 days : 0.61 tof development; some emall : 25 days : 0.18 teteges of development; no : 32 days : 1.62: treatment examination, : 45 days : 0.09 : stages of development. i 
tadult ticks dislodged; many : 3 tdead ticks remaining adherent: tdead ticks found. 3 
temaller dead ticks reraining : tto skin. : : 
tadherent to skin. H 3 : H H 
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TESTS OF TICKICIDAL 


soluble pine oil or soluble petroleum oil.* 
The required amount of water was then added 
and the mixture vigorously agitated to form 
the desired amount of finished solution. The 
cube powder was mixed into a stiff paste 
before being stirred into the solutions. 

Method of Applying Solutions——Each test 
animal was restrained in a cattle-examining 
chute constructed of horizontal metal pipes 
spaced about 1 ft. apart. The solutions were 
then applied in a coarse spray or shower, at 
about 40-lb. pressure, from barrel-type, or- 
chard sprayer of 15-gal. capacity. An elon- 
gated nozzle attachment was devised to facili- 
tate the thorough wetting of all body sur- 
faces of the animals. The spray nozzle was 
attached, at a 45-degree angle, to one end 
of a 4-ft. length of 1/4-in. pipe, and the con- 
trol lever was attached to the other end, just 
forward to the hose connection. This device 
allowed the operator to drench the areas be- 
tween the fore- and hind legs, as well as 
all other body surfaces, without endangering 
himSelf or unduly frightening the cattle. 

The test cattle had shed their winter hair. 
Therefore, 5 gal. of solution was found ample 
to wet thoroughly the entire body surface of 
each animal, and this amount was used re- 
gardless of the size of the animal, the pur- 
pose being to simulate actual dipping as 
nearly as possible. 

Method of Examining Cattle—The ranch 
manager and his ranch help had had many 
years’ experience in the thorough and pain- 
staking examination of cattle for fever ticks, 
this being the regular routine on Mexican 
cattle ranches prior to presenting cattle for 
exportation. Therefore, ample and efficient 
assistance was available for conducting the 
post-treatment observations. An average of 
about ten minutes’ time was consumed by four 
men, including the author, in making thorough 
visual and manual post-treatment examina- 
tions of each test animal while it was re- 
strained within the cattle-examining chute. 

The initial post-treatment observations were 
made either at two or twenty-four hours after 
spraying, and the next examinations were con- 
ducted at either forty-eight or seventy-two 
hours following treatment. Thereafter, the 
cattle were examined at approximately one- 
week intervals until forty-five days had 
elapsed, at which time the cattle showed 
varying degrees of reinfestation with cattle 
fever ticks in all stages of development, and 
the investigations were terminated. 


RESULTS 


The results observed during the post- 
reatment examinations of the test cattle 
are shown in the table and may be sum- 
marized as follows: 4 

1) The solutions containing either 1.0, 
1.5, or 3.0 per cent of DDT alone killed 


*The soluble petroleum oil employed was 


Texaco soluble oil-D. 
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all the fever ticks, except a very few en- 
gorged and unengorged adult females, with- 
in a period of twenty-four hours. A few 
such ticks survived on the cattle treated, 
but new infestations of nymphs did not 
appear on these cattle for about three 
weeks. Thereafter a gradual reinfestation 
with ticks in all stages of development oc- 
curred on the test animals. These results 
showed that the DDT solutions were highly 
toxic to the existing fever ticks and posses- 
sed residual toxicity for newly attached 
seed ticks for at least two weeks. 

2) The solutions containing combina- 
tions of DDT and cube gave results ap- 
proximately the same as those produced 
by solutions containing like percentages of 
DDT alone. This would indicate that the 
addition of the cube to the DDT solutions 
did not, for all practical purposes, enhance 
the immediate or residual tickicidal efficacy 
of the latter solutions. 

3) The solutions containing either 1.0 
or 5.0 per cent of cube alone killed all the 
fever ticks, except the engorged and un- 
engorged adult females, within a period 
of twenty-four hours. Many of these adult 
ticks survived on the cattle that were 
sprayed with solutions of cube alone. The 
cattle became reinfested with fever ticks 
in all stages of development during the 
third week following the date of spraying. 
These results indicate that the cube was 
less toxic to the adult fever ticks than was 
the DDT, and also had less residual toxic- 
ity for newly attached seed ticks. 

4) The solution containing 1.0 per cent 
of hexachlorocyclohexane alone killed ail 
the fever ticks within twenty-four hours, 
while that containing 0.50 per cent of this 
insecticide required a somewhat longer 
period to effect the same results. A few 
engorged and unengorged adult female 
ticks survived the solution containing only 
0.25 per cent of hexachlorocyclohexane. Re- 
infestation with nymphs occurred on all 
the test cattle that were sprayed with the 
solutions of hexachlorocyclohexane alone, 
during the third week, and a gradual re- 
infestation with ticks in all stages of 
development occurred thereafter. These 
findings show that solutions containing 
lower concentrations of hexachlorocyclohex- 
ane than of DDT were equally tickicidal, 
but possessed less residual toxicity for 
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newly attached seed ticks than did the DDT 
solutions. 

5) The solutions containing combina- 
tions of DDT and hexachlorocyclohexane 
produced the best results. The solution 
containing 1.0 per cent of each insecticide 
killed all the existing fever ticks within 
two hours and that containing only 0.25 
per cent of each material effected the same 
results within a few days. The residual 
toxicity of these solutions for newly at- 
tached seed ticks prevailed for a _ post- 
spraying period of about three weeks. 
Thereafter, nymphs were observed on the 
test cattle, and a gradual reinfestation with 
ticks in all stages of development followed. 

6) The control animals that were dip- 
ped in regulation arsenical dip showed no 
apparent reduction in fever tick infesta- 
tion during the first seventy-two hours 
after dipping. Thereafter, all the ticks 
succumbed except a few engorged and un- 
engorged adult females. Some of these 
adult ticks continued to survive, and fever 
ticks in all stages of development were 
observed on the dipped cattle during the 
third week after the date of dipping. These 
results indicate that the commonly used 
arsenical cattle dips are no more tickicidal 
than any of the new solutions tested, are 
inferior to some of them, and have little 
or no residual toxicity against newly at- 
tached seed ticks. . 

7) The solutions containing DDT 
showed greater residual tickicidal proper- 
ties against reinfestation with newly at- 
tached seed ticks than did the other solu- 
tions tested. Such residual qualities were 
of longer duration in the solutions con- 
taining the greater concentrations of DDT. 

The hair and skin of the animals treated 
with solutions containing the heavier con- 
centrations of emulsifying oils remained 
noticeably oily for about two weeks after 
treatment. Some, but not all, of these 
animals showed evidence of slight skin 
irritation and blistering and some heat de- 
pression subsequent to treatment. How- 


ever, these symptoms were never of suffi- 
cient severity to be alarming. 

No harmful effects were observed among 
the nursing calves as a result of suckling 
their recently treated mothers, nor did 
these animals evidence any difficulty in 
recognizing each other following treatment. 


The results clearly indicate that the large 
adult ticks, especially the engorged females, 
were more resistant to the toxic effects of 
the insecticides than were the younger and 
smaller ticks. 

The dead ticks on the treated cattle soon 
became withered and dark in color, but 
many of them, especially the younger ticks 
and unengorged adults, remained attached 
or adherent to the skin of the host animals 
for a considerable period after treatment, 
but were eventually dislodged and disap- 
peared. 

The treated cattle were exposed to oc- 
casional showers and rain storms totaling 
3.5 inches of precipitation during the 
twenty-five days following the date of treat- 
ment. 


DISCUSSION 


Squibb’s’' work in Costa Rica was con- 
ducted with fine sprays, since the dipping 
of cattle is not generally practiced in that 
country, and facilities for doing so are 
seldom available. He described in detail 
his spraying tests on ranch and dairy cat- 
tle that were heavily infested with fever 
ticks. He used a kerosene emulsion con- 
taining 5.7 per cent of DDT alone, a ro- 
tenone water solution containing the ro- 
tenone extracted from 10.1 per cent of 
green, crushed derris roots having a 5 per 
cent rotenone content (dry basis), and 
sprays containing equal parts of these mix- 
tures, two parts of the DDT emulsion to 
one of the rotenone solution, and two parts 
of the rotenone to one of the DDT. A 
small quantity (80 cc. to 150 cc.) of each 
spray was applied from a small Flit gun to 
cover each test animal lightly. He re- 
ported that 85 per cent mortality of the 
ticks was effected by the spray of DDT 
alone, 92 to 94 per cent of the spray con- 
taining equal parts of the DDT and ro- 
tenone mixtures, 92 per cent by that con- 
taining 2 parts of the DDT to 1 of the ro- 
tenone; and he stated also that the spray 
containing 2 parts of the rotenone solution 
to 1 of the DDT emulsion was visibly not 
as effective as the other sprays used. His 


‘findings were similar in many respects to 


those reported in this paper. 

The amounts of solutions used per ani- 
mal and the methods of application em- 
ployed in the Costa Rica and Mexico tests 
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were radically different. Where small quan- 
tities of solutions were used in Costa Rica 
to lightly cover the test animals with a 
fine spray, much larger quantities were 
used in Mexico to wet thoroughly each 
animal to simulate dipping as nearly as 
possible. However, the sprays used in 
Costa Rica contained approximately twice 
the amount of DDT and/or rotenone in- 
corporated in the solutions used in Mexico, 
which fact may account for the similarity 
of results obtained in the two countries. 

In the Costa Rican tests, it appears that 
the addition of the rotenone to the DDT 
emulsion enhanced the tickicidal value of 
the finished spray to some extent, whereas, 
the results obtained in the Mexican tests 
do not show that such was the case. 

In one Costa Rican test, where equal 
parts of the DDT emulsion and rotenone 
solution were combined in a spray, it is 
stated that “At the end of forty-eight hours 
the large ticks had disappeared; however, 
the largest percentage of small ticks still 
appeared alive. At the end of 120 hours, 
all the small ticks had either dropped off 
or were still attached to the animal with- 
ered and dead. A 94 per cent mortality 
of the ticks had been effected.” Such re- 
sults are directly opposite to those ob- 
served in Mexico, where the small ticks 
were the first to succumb to the tickicidal 
agents, and the larger ticks were the last 
to do so. 

As a result of the preliminary investi- 
gations in Mexico, more extensive tests, 
involving the actual dipping of range cat- 
tle under field conditions in that country, 
are planned for the near future. Water- 
dispersible DDT powders are to be tested 
alone and in combination with water-dis- 
persible hexachlorocyclohexane, in order ta 
eliminate the emulsifying oils utilized dur- 
ing the preliminary tests. 


TESTS OF TICKICIDAL SOLUTIONS IN MEXICO 


283 


SUMMARY 


1) The tickicidal value of one thorough 
spraying with solutions containing various 
concentrations of DDT, cube, hexachloro- 
cyclohexane, and combinations of these in- 
secticides was tested in comparison with 
one dipping in regulation arsenical solution 
for fever ticks, Bodphilus annulatus, on 
grade Hereford range cattle that were 
grossly infested with these parasities. 

2) Oil-in-water emulsions containing 
various percentages of DDT, hexachloro- 
cyclohexane, combinations of these chemi- 
cals, and of DDT and cube, as well as 
water suspensions of cube alone, were 
tested. 

3) The hair and skin of the test cattle 
were wet thoroughly with the sprays, and 
the animals were confined in a known tick- 
infested pasture throughout the duration 
of the tests, and were examined at frequent 
intervals for a 45-day period following 
treatment. 

4) The tickicidal efficacy of all the 
sprays tested equaled or surpassed that of 
the regulation arsenical dip without the 
potential dangers associated with the use 
of the latter. The sprays that contained 
DDT possessed sufficient residual toxicity 
to protect the treated cattle against normal 
heavy reinfestation with fever ticks for 
about four to five weeks. The protective 
qualities of the hexachlorocyclohexane 
sprays were of somewhat shorter duration, 
whereas the cube sprays and arsenical dip 


possessed little if any such protective 
quality. 
5) The promising results observed in 


the tests indicate the desirability of in- 
vestigating the efficacy and practicability 
of DDT and/or hexachlorocyclohexane cat- 
tle dips under actual field conditions for 
the control or possible eradication of cat- 
tle fever ticks wherever these parasites 
occur as a menace to cattle raising. 
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Blood Transfusions in Bovine Anaplasmosis 


JOHN C. LOTZE, Ph.D. 
Washington, D.C. 


IN A PREVIOUS report, Lotze* presented an 
analysis of certain data on a number 
of experimentally produced and untreated 
cases of anaplasmosis. It was concluded 
that the rate at which different host ani- 
mals regenerate red blood cells constitutes 
an important variable factor in the disease. 
This conclusion was based on the finding 
that the duration of the period of severe 
anemia following the peak of the infections 
is variable and that there is a correlation 
between the relative abundance of new red 
cells occurring in the circulating blood and 
the rapidity with which the hematocrit 
value of the blood rises and symptoms 
disappear. 

This report presents data on 5 cases of 
experimentally produced anaplasmosis in 
which blood transfusions were used in a 
study of the host-parasite relationship in 
anaplasmosis and in learning the practi- 
cability of using this type of treatment. 


MATERIALS AND METHODS 


Carrier or infected cattle served as the 
source of blood used in the transfusions. Car- 
rier blood was selected to determine whether 
its use was contraindicated. A _ solution of 
2.5 per cent sodium citrate in physiologic 
saline was used as an anticoagulant, 100 cc. 
of the solution being employed for each 900 cc. 
of whole blood. The citrated blood was ad- 
ministered by gravity. Injections were made 
through a 15-gauge bleeding needle alone or 
through such a needle fitted with a 6-inch, 
flexible, 18-gauge, blunt needle (calcium chlo- 
ride needle). After the injection of each 2 
liters of citrated blood, at least fifteen to 
thirty minutes was allowed the animal to 
make adjustments before additional blood was 
injected. Blood groups were not determined; 
the citrated blood was administered slowly 
and the recipient was observed carefully to 
detect any signs of ill effects from the trans- 
fusion. The recipients of the transfused blood 
consisted of a splenectomized calf, No. 197, 
and 4 nonsplenectomized cattle, Nos. 207, 210, 
217, and 244, ranging in age from 21 to 102 
months. No treatment other than whole blood 
was administered to 197, 207, and 210. In 
the case of 217, sodium iodide was adminis- 
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tered before the peak of the infection was 
expected in order to determine whether such 
treatment might affect the parasites. In the 
case of 244, potassium arsenite was adminis- 
tered in an effort to increase the hematocrit 
value of the blood of the host and, following 
the blood transfusions, a mixture of tartar 
emetic, sodium thiosul phate, sodium phosphate, 
and fluid extract of nux vomica and ginger 
was administered in an effort to stimulate 
the rumen. 


DATA 


Pertinent data on the 5 cases under 
eonsideration are briefly summarized in 
the protocols given herein. To illustrate 
certain points of special interest, data per- 
taining to 197 and 210 are presented 
graphically in figures 1 and 2. For the 
days on which treatment was administered, 
the temperature and hematocrit readings 
were obtained before treatment. Temper- 
ature readings are given in Fahrenheit and 
hematocrit readings in volume per cent. 


PROTOCOLS 


No. 197 (fig. 1).—March 2, 1940—age, 4 
months; splenectomized. April 10—weight, 220 
lb.; hematocrit value of blood, 29.0; inocu- 
lated with Anaplasma marginale by intraven- 
ous injection of 90 cc. defibrinated blood from 
a carrier. April 18—Anaplasma first found; 
hematocrit value of blood, 32.5. April 29—be- 
ginning of precipitous drop in hematocrit value 
of blood; 6.6 per cent red cells infected; hema- 
tocrit value, 36.0. May 3—appetite decreased; 
hematocrit value, 24.0; 55.6 per cent red cells 
infected; temperature, 103.2. May 4—peak of 
infection; all feed refused; feces scant, firm, 
covered with yellow mucus; 69.4 per cent 
red cells infected; hematocrit value, 19.5; 
temperature, 105.4. May 5—animal very weak; 
all feed refused; feces same as on previous 
day; 61.2 per cent red cells infected; hema- 
tocrit value, 9.5; temperature, 104.2. May 6— 
animal extremely weak; eyes dull, sunken, 
and kept partly closed; hematocrit value, 7.0; 
temperature, 97 to 99; 1 liter citrated blood 
from carrier 194 transfused at 11:00 a.m.; 1 
liter citrated blood from same donor adminis- 
tered at 3:00 p.m.; animal standing and 
eating hay at 4:30 p.m. May 7—hematocrit 
value, 17.0; temperature, 101.4; no defecation; 
appetite improved. May 8—hematocrit value, 
16.0; temperature, 101.2; appetite much im- 
proved; feces normal in consistency and quan- 
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tiiy. Reeovery: slow, but uneventful. Im- 
mature red blood cells were never numerous. 

Vo. 207.—July 1, 1941—age, 38 months; 
weight 950 lb.; hematocrit value of the blood, 
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Fig. |—Data relative to anaplasmosis and a blood 


transfusion in a splenectomized calf (197). 

dence indicated that the host, without aid, was un- 

able to regenerate red blood cells at a rate suffi- 
ciently rapid to commence recovery. 


2A. 
us. 


inoculated by intravenous injection of 
100 ee. defibrinated blood from a clinical case 
of anaplasmosis. July 11—first examination 
made of host’s blood; 28.6 per cent red blood 
cells parasitized; hematocrit value, 23.5; tem- 
perature, 102.8. July 12—40.0 per cent red cells 
parasitized; hematocrit value, 18.0; tempera- 
ture, 102.6. July 183—61.0 per cent red cells 
parasitized; hematocrit value, 15.0; not 
eating; feces normal. July 14—62.0 per cent 
red cells parasitized; hematocrit value, 13.5; 
not eating; feces normal; animal standing 
and breathing with a groaning noise; muscle 
tremors in shoulders and flanks; 1.75 liters 
of citrated blood from carrier 190 was ad- 
ministered at 4:00 p.m.; no improvement 
noticed up to 8:00 pm. July 15—animal 
found dead; at autopsy, spleen found to be 
slightly enlarged and splenic pulp liquefied. 
Only a few immature red blood cells were 
present in the circulating blood at any time. 

No. 210 (fig. 2).—Feb. 19, 1942—age, 56 
months; weight, 1,050 lb.; pregnant; hema- 
tocrit value of the blood, 36.0; inoculated 
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intravenously with 50 cc. defibrinated blood 
from a carrier. March 7—first examination 
of blood negative for Anaplasma. March 9— 
second examination of blood, Anaplasma pres- 
ent. March 10—normal calf dropped; start 
of precipitous drop in hematocrit value of the 
blood; hematocrit value, 38.5; 0.63 per cent 
red cells parasitized. March 18—peak of-in- 
fection; not eating; down much of the time; 
36 per cent red cells parasitized; hematocrit 
value, 11.5; temperature, 104.0. March 19— 
animal very weak, down; feces firm; milk 
much reduced; hematocrit value, 8.5; tem- 
perature, 99.3 to 99.6; animal refused all feed; 
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Fig. 2—Data relative to anaplasmosis and blood 
transfusions in 210, a cow of nearly 5 years of age. 
Counts of infected erythrocytes are given for the 
initial parasitic attack only; the patent period in this 
case extended over a number of months. 


ministered at 1:00 p.m.; animal stronger and 
walked around following transfusions, drank 
water, but refused to eat; no defecation. 
March 20—standing, eating very little; no 
defecation; hematocrit value, 11.5; tempera- 
ture, 101.2. March 21—eating a small amount 
of grain; chewing cud; no defecation; some- 
what weaker; hematocrit value, 9.0; tempera- 
ture, 101.4. March 22—drinking much water; 
chewing cud and eating a small amount of 
grain; no defecation; hematocrit value, 9.0; 
temperature, 100.6; appeared to be somewhat 
stronger. March 23—not eating; little de- 
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fecation; hematocrit value, 11.0; temperature, 
101.0. March 24—much weaker, not eating; 
temperature, 100.6; hematocrit value, 9.5; 2 
liters citrated blood from carrier 200 ad- 
ministered at 11:30 a.m.; 2 liters citrated 
blood from same donor administered at 3:3) 
p.m.; animal much stronger and eating little 
at 8:30 p.m. March 25—eating little; hema- 
tocrit value, 15.0; temperature, 101.8; 2 liters 
citrated blood from carrier 189 administered 
at 11:45 a.m.; 2 liters citrated blood from 
same donor administered at 3.00 p.m.; ap- 
petite of host almost normal at 4:30 p.m. Re- 
covery: slow, uneventful; immature red blood 
cells were never abundant. 


No. 217.—July 22, 1942—age, 21 months; 
weight, 800 lb.; hematocrit value of the blood, 
35.5; inoculated by intravenous injection of 
50 cc. defibrinated blood from a carrier. July 
30—Anaplasma first found. August 4—be- 
ginning of precipitous drop in hematocrit value 
of blood; hematocrit value, 31.5; 2.0 per cent 
red cells parasitized; animal in very good 
condition; 30 Gm. sodium iodide in 500 cc. 
distilled water administered intravenously. 
August 5 to 12—parasite population increased 
steadily and hematocrit value continued to 
drop without interruption; animal appeared 
dull; appetite greatly reduced; skin wrinkled 
and with marked sloughing of the epidermis. 
August 11—peak of infection; appetite fur- 
ther reduced; 13.0 per cent red cells para- 
sitized; hematocrit value, 13.0; temperature, 
103.3. August 12—condition, fair; eating very 
little; hematocrit value, 11.0; temperature, 
103.3. August 13—condition, fair; eating 
very little; hematocrit value, 10.5; tempera- 
ture, 103.8. August 14—condition, fair; eating 
very little; hematocrit value, 10.5; tempera- 
ture, 104.5; 2 liters citrated blood from car- 
rier 210 administered at 1:00 p.m.; 2 liters 
citrated blood from same donor administered 
at 3:00 p.m.; appetite greatly increased at 
4:00 p.m. August 15—appetite nearly nor- 
mal; hematocrit value, 15.5; temperature, 
103.0. Recovery: rapid, uneventful. Imma- 
ture red blood cells were numerous in the 
circulating blood after the peak of the in- 
fection. 


No. 244.—June 28, 1944—age, 102 months; 
weight, 950 lb.; hematocrit value of the blood, 
33.0; inoculated by intravenous injection of 
100 ce. defibrinated blood from a carrier case. 
July 1—first examination of the blood nega- 
tive for Anaplasma. July 10—second exam- 
ination of blood positive for Anaplasma. July 
15—beginning of precipitous drop in hema- 
tocrit value of the blood; hematocrit value, 
26.0; temperature, 101.4; 4.0 per cent red 
cells parasitized. July 19—peak of infection; 
slight loss of condition; appetite normal; feces 
firm; hematocrit value, 14.0; temperature, 
102.0; 16.6 per cent red blood cells para- 
sitized. July 20—loss of condition appreci- 
able; not eating, but chewing cud; feces firm; 
hematocrit value, 9.0; temperature, 103.8; 


approximately 250 mg. potassium arsenite 
in 25 ec. of distilled water administered in- 
travenously. July 21—not eating; feces firm; 
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hematocrit value, 8.0; temperature, 99.4. 
July 22—animal down, very weak; not eating; 
hematocrit value, 7.0; temperature, 98.4. July 
23—animal down and refusing all feed during 
the day, but up and eating some grain in 
the evening; hematocrit value, 9.0; tempera- 
ture, 100.0. July 24—animal standing and 
eating some grain in the morning, but down 
and refusing all feed in the afternoon; hema- 
tocrit value, 8.0; temperature, 98.7 July 25—- 
animal very weak, down, and refusing all 
feed; hematocrit value, 8.5; temperature, 
100.8; 2 liters citrated blood from carrier 240 
administered at 10.30 a.m.; 4 liters citrated 
blood from carrier 197 administered at 1:30 
p.m.; animal standing and eating some grain 
at 2:30 p.m. July 26—animal standing and 
eating some grain; hematocrit value, 10.0; 
temperature, 101.2. The following mixture 
was administered per os: water, 1 liter; fluid 
extract nux vomica, 5 cc.; fluid extract gin- 
ger, 15 cc.; tartar emetic, 2 Gm.; sodium 
thiosulphate, 25 Gm.; 5 per cent solution di- 
basic sodium phosphate, 250 cc. July 27— 
animal much weaker, refused all feed; no de- 
fecation; hematocrit value, 9.0; temperature, 
100.4; animal slaughtered for examination; 
examination showed contents of rumen to be 
very dry and little solid material in the small 
intestine. Immature red blood cells were 
never abundant in the circulating blood. 


DISCUSSION AND CONCLUSIONS 


Of the 5 cases described in the protocols, 
only 1 (207) showed no noticeable im- 
provement following a blood transfusion. 
In this case, which is apparently an ex- 
ample of Boynton’s' peracute type of the 
disease, death occurred before the para- 
site population began to decrease and the 
presence of immature red blood cells in 
the circulating blood was suggestive of 
the presence of the peak of the infection. 
Because of the necrotic condition of the 
spleen as found on postmortem examina- 
tion, and the fact that death occurred 
while the hematocrit value of the blood 
was still fairly high, it seems unlikely that 
the results would have been different had 
a larger quantity of blood been transfused. 

The case of 217 is not of interest from 
the standpoint that the life of the host was 
spared by the transfusions, for at no time 
was the prognosis grave. However, it 
seems apparent that the sodium iodide 
treatment had an undesirable effect on this 
animal because the appetite became much 
depressed immediately following the ad- 
ministration of the drug. The case is of 
interest principally because of the immedi- 
ate improvement in the appetite of the 


1947 


host and the rapid recovery accompanied 
by large numbers of immature red blood 
cells in the circulating blood following the 
blood transfusions. 

In the case of 197, the condition of the 
host was such immediately before the first 
blood tranfusion was given that it ap- 
peared certain the animal was about to 
succumb to the disease. The peak of the 
infection had occurred two days previous 
to this time; there were but few nonpara- 
sitized red cells in the circulating blood, 
and immature red cells had not appeared 
in abundance. As in 217, the immediate 
noticeable effect following the blood trans- 
fusions was the improvement in the ap- 
petite of the host; however, the rate of 
recovery was slow and at no time were 
immature red cells abundant in the cir- 
culating blood. 

Aside from the information dealing with 
the response to blood transfusions, cer- 
tain unusual phenomena encountered in 
197 are of interest: (1) The parasite 
population became fairly high before there 
was a perceptible effect on the hematocrit 
value of the blood; the hematocrit value 
did not begin to drop until almost 7 per 
cent of the red cells of the circulating 
blood were parasitized; (2) as mentioned 
in a previous report (Lotze and Yiengst’), 
the parasites displayed somewhat definite 
“size-rhythms”; and (3) the period of 
patent rise of the infection in this case 
was sixteen days, or three days longer than 
the maximum found in nonsplenectomized 
animals (Lotze‘). 

In the cases of 210 and 244, the evi- 
dence indicated definitely that recovery was 
impeded by the inability of the hosts to 
regenerate red blood cells at a rapid rate; 
in neither case were immature red blood 
cells abundant in the circulating blood at 
any time. In the case of 210, there was 
a noticeable improvement in the strength 
of the host following each blood trans- 
fusion, but, as can be seen in figure 2, the 
affected animal was not started on the 
road to recovery by the first transfusions; 
it was only after a rather large quantity 
of blood was transfused that the host was 
able to make definite progress toward the 
restoring of the normal red blood cell level. 
In 244, it was apparent that the treatment 
with potassium arsenite did not materially 
affect the course of the disease but that 
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the blood transfusion caused some im- 
provement in the condition of the treated 
animal. The attempt to improve the ap- 
petite of the animal by the administration 
of a mixture of substances (fluid extracts 
of nux vomica and ginger, tartar emetic, 
sodium thiosulphate, and sodium phos- 
phate) intended to stimulate the rumen 
met with failure. From all indications, the 
course of the disease in this case would 
have been much the same as that in 210, 
and the host might have been started on 
the road to recovery had more blood been 
transfused. 

In my opinion, it is clearly indicated that 
there are cases in which blood transfusions 
are of definite value for the prevention 
of deaths, namely, those in which the course 
of the disease is much prolonged and in 
which the host becomes progressively 
weaker. Since the amount of blood needed 
for starting such cases toward recovery 
may be large (8 liters or more), the prac- 
ticability of this type of treatment may 
depend on a source of bovine blood free 
from other infections, availability of fa- 
cilities for the administration of the treat- 
ment with some degree of ease, and the 
value of the affected animal. 

It is probable that blood transfusions 
would be beneficial in cases other than 
those described above. This is indicated 
by the results of this procedure reported 
by Meads,’ Koger,’ and Smith and Howell.’ 
The results of their use of whole blood in 
natural infections are encouraging and the 
procedure, therefore, merits further in- 
vestigation. 

The maximum amount of whole blood 
which can be safely administered at one 
time is subject to question. It is desirable 
to start the affected animal toward re- 
covery as soon as possible and to use as 
much blood as necessary to bring about 
the desired results. However, it was 
deemed advisable to allow the recipient 
fifteen to thirty minutes to make adjust- 
ments after each 2 liters of blood were ad- 
ministered. Meads’ used 1/2 gal. of blood 
along with solutions of glucose and sodium 
cacodylate and suggested that blood trans- 
fusions be administered every twenty-four 
to forty-eight hours until two or three 
treatments had been given. Smith and 


Howell’ considered 2,000 to 3,000 cc. of 
blood as being the maximum that could be 
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given at one time without the danger of 
unfavorable reactions. 

Although I did not attempt to deter- 
mine the blood compatabilities before 
making the transfusions and observed no 
serious consequences from the failure to 
do so, Little’ demonstrated that isoagglu- 
tinins are present in the blood of cattle 
and that there are three, and possibly four, 
blood groups in these animals; thus, it is 
possible that adverse conditions may arise 
from the failure to determine the com- 
patabilities of the blood of donors and re- 
cipients. Koger’ stated that “reaction to 
the transfusion is rare, but the possibility 
of shock should not be entirely disre- 
garded.” Smith and Howell’ found “no 
discomfort nor other symptoms” in the 
recipients during the transfusions. 


SUMMARY 


Data on 5 cases of experimentally pro- 
duced bovine anaplasmosis, in which blood 
transfusions were administered in order 
to study the host-parasite relationship in 
the disease and also on the practicability 
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of this type of treatment, are presented. I: 
is concluded that, at least in certain cases, 
blood transfusions are indicated because o/ 
the inability of the hosts to regenerate rec 
blood cells at a sufficiently rapid rate to 
overcome quickly the severe anemia whici: 
follows the peak of the infection. The 
evidence indicates that, to be effective 
blood must be transfused in large quan. 
tities. 
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Enzyme Activity in Clostridium Hemolyticum Toxin 


A. M. JASMIN, D. V. M. 


Bozeman, Montana 


BACILLARY HEMOGLOBINURIA, or red water 
disease of cattle and sheep, which has been 
described by Records and Vawter’ of 
Nevada, was first recognized in Montana 
late in .the fall of 1939. Since its incep- 
tion, the disease has spread from a rela- 
tively small area in the valley where it 
was first found to two more areas by 
cattle movements from the infected region, 
and in one instance, by means of vac- 
cinated cattle. Two known vaccinated ani- 
mals have died of bacillary hemoglobinuria 
within five to six months after vaccination. 

For the past three years, an investigation 
of bacillary hemoglobinuria has been under 
way in Montana to obtain information 
which would lead to improved methods of 
contrel, in the hope that it might be pos- 
sible to confine the disease to the limited 
areas ol the state now known to be involved. 
A study of the toxin of Clostridium hemoly- 
ticum has been in progress in the hope of 
producing a vaccinal product that will con- 
fer an immunity of longer duration. Dur- 
ing the course of these latter studies, cer- 
tain observations have been made which 
will be reported in this paper. 

Records and Vawter’* demonstrated 
early in their work that Cl. hemolyticum 
forms two toxic fractions, one a highly 
hemolytic, unstable fraction appearing 
early in cultural growth, but disappear- 
ing after thirty-six hours of incubation. 
The second, a _ necrotizing fraction, is 
present in early cultures, and persists for 
a week or more at incubator temperature. 
Death in bacillary hemoglobinuria is be- 
lieved to be due to an anoxia arising from 
the rapid destruction of the red blood cells 
by the hemolytic fraction, although the 
necrotizing fraction may play an important 
part in causing the infarct of the liver in 
the primary lesion. 


From the Montana Veterinary Research 
Laboratory (Montana Experiment Station and 
Livestock Sanitary Board codédperating). Paper 
No, 188, Journal Series, Agricultural Experi- 
ment Station, Montana State College, Bozeman. 

Associate veterinary pathologist, Veterinary 
Research Laboratory, Montana State College 
Agricultural Experiment Station, Bozeman. 


In the work at this laboratory, it was 
found that filtrates prepared from twelve- 
to sixteen-hour cultures retained their 
lethal and hemolytic activity for six months 
and longer if held at refrigerator tem- 
perature. Over this period, there was a 
gradual decrease in the hemolytic and lethal 
activity of such filtrates, as shown by 
hemolytic titrations and mouse inoculation 
tests. When all hemolytic and _ lethal 
activity had been lost, there was little evi- 
dence of a necrotizing fraction unless com- 
paratively large inoculations were made 
subcutaneously. From this fact, it was felt 
that the hemolytic fraction played the most 
important part as the lethal agent in this 
disease. 

In reviewing the literature on other 
anaérobes that form hemolytic toxins, it 
was found by Nagler® that, when the toxin 
of Clostridium welchii was incubated in the 
presence of human serum, an opalescence 
developed which gradually gave rise to a 
layer of fatlike substance on the surface of 
the mixture. He found this reaction to be 
caused by the lethal toxin of Cl. welchii, 
type A, and that it was specifically in- 
hibited by the corresponding antitoxin. 
He showed further that this reaction was 
not produeed with the toxins of Clostridium 
oedematiens, Clostridium septicum, Clos- 
tridium chauvei, Clostridium histolyticum, 
Clostridium sporogenes, Clostridium ter- 
tium, Clostridium tetani, and Clostridium 
botulinum. He was able to demonstrate 
that both toxin and antitoxin could be 
titrated by means of this reaction. Later, 
Nagler showed that this reaction could be 
used in estimating the combining power 
of Cl. welchii, type A, toxin or toxoid with 
antitoxin. 

Macfarlane, Oakley, and Anderson® found 
that a similar, but stronger, reaction oc- 
curred when the toxin of Cl. welchii was 
allowed to act on a filtered clear emulsion 
of egg yolk (lecithovitellin). They de- 
monstrated that hemolysis of red blood 
cells, opalescence of human serum, and the 
egg-yolk reaction were probably manifesta- 
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tions of the same enzyme activity and were 
due to the alpha toxin or lethal factor of 
Cl. welchii type A filtrates. They showed 
further that these reactions occur only in 
the presence of ionized calcium. 

Based on the above reaction, van Heyni- 
gen® has demonstrated a colorimetric meth- 
od for estimation of the alpha toxin of Cl. 
welchii type A filtrates, by direct com- 
parison with a toxin of known activity. 

Macfarlane and Knight,’ investigating 
the biochemical aspect of the lecithovitellin 
reaction, were able to demonstrate that the 
reaction of type A Cl. welchii toxin on 
an egg-lecithin solution was due to hy- 
drolysis of lecithin into phosphocholine and 
a diglyceride by an enzyme, lecithinase, 
which is probably identical with the alpha 
toxin of these filtrates. They found further 
that the activity of toxins and the cor- 
responding antilecithinase activity of Cl. 
welchii antitoxic serum could be estimated, 
the antilecithinase activity of the anti- 
toxic serum running parallel with the ani- 
mal protection (L+) titer as a fair mea- 
sure of the alpha toxin. 

Since the toxin of Cl. hemolyticum pro- 
duces hemolysis of red blood cells, it was 
believed possible that a similar enzyme might 
be responsible for its hemolytic and lethal 
activity. If such should be the case, it was 
felt that application of the human serum 
test, or the lecithovitellin test would be of 
value in the study of the toxin of Cl. 
hemolyticum if a satisfactory in vitro test 
could be found by which standardization 


of antiserums and vaccines could be ac- 
complished. It was believed further that 
if either of these tests should prove satis- 
factory, a means might be at hand for 
measuring the antibody response in vac- 
cinated animals, which would aid consider- 


ably in the investigation of immunity 
against red water disease. 
MATERIALS AND METHODS 

For preliminary tests, human _ serum 


samples were obtained from the Montana 
State Board of Health. These serums were 
pooled, inactivated at 56 C. for thirty minutes, 
and centrifuged until clear before use. 

The egg-yolk (lecithovitellin) solution was 
at first prepared by the method of Macfarlane 
et al.5 Later, due to difficulties encountered 
in the filtration process, a modification was 
made as follows. The yolk of one fresh egg 
was thoroughly emulsified in 200ce. of a 
borate buffered (pH 7.4), physiologic saline 
solution containing 0.02 molar’ calcium 
chloride. This suspension was then centri- 
fuged at 4,600 r.p.m. for thirty minutes. The 
yellow, slightly opalescent supernatant was 
then filtered through a Seitz filter into 800 cc. 
of sterile buffered saline solution. This sus- 
pension was found quite stable when stored in 
the refrigerator and protected from bacterial 
contamination. 

Hemolysis was determined by the use of a 
washed suspension of rabbit red blood cells 
resuspended to a concentration of 1.5 per cent 
in physiologic saline. 

Toxins of the various organisms tested were 
prepared in a peptic digest broth of beef liver 
and muscle, reinforced with 1 per cent proteose 
peptone (Difco), 0.5 per cent dextrose, and 
0.025 per cent calcium chloride, adjusted to 
give a final pH of 7.4 after sterilization. The 
centrifuged clear supernatant of cultures 


TABLE |—Activity of Clostridium Hemolyticum Toxin on Human Serum, 


Toxin 2504 


Lecithovitellin, and Red Blood Cell Suspension 


(50 mouse 
m.1.d.’s 
cc.) 0.04cc. 0.02 ce. ce. 0.005 ce, 0.004 cc. 0.0038 ce. 0.002 ce. 0.001 cc. 0.0005 cc. 0 
Dilution of 
toxin in 
indicator 1:50 1:100 1:200 1:400 1:500 1:666 1:1,000 1:2,000 1:4,000 0 
2 cc, T 
human serum Op. Op. Cp. Cp. Cp. On. — - — — 
2 cc. 
lecitho- 
vitellin ry T 
solution F+ F+ F+ F+ Op. Op. Op. Op. _- 
2 
1.5% red 
blood cell 
suspension ++++ +++ +4 T 
+ = Complete hemolysis. T = Trace. = Flocculation. Op. = Opalescence, — = 


+++ 
No change, 
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grown in this medium for eighteen to twenty- 
four hours at 37.5 C. was used for the titra- 
tions. 

The Cl. welchit type A antiserum, con- 
taining 600 units per cubic centimeter, was 
obtained from the Cutter Laboratories. The 
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the reaction of Cl. hemolyticum toxin with 
human serum, lecithovitellin solution, and 
red blood cells, the following protocols 
have been prepared. As shown in table 
1, descending quantities of toxin were 


TABLE 2—Combining Power of Clostridium Hemolyticum 
Toxin in Different Indicators 


Control 
Toxin 2504 
(60 mouse m.1.d.’s / ce.) 0.02 cc. 0.02 cc. 0.02 cc. 0.02 ce. 0.02 cc. 0.02 cc. 0.02 ce. 0 
Antiserum, U. of 
Nevada, lot 32 0.005 0.004 0.003 0.002 0.001 0.0005 0 0.04 
Ratio of anti- 
serum to toxin 1:4 1:5 1:10 1:20 1:40 0 0 

T 

2cc. human serum — — — Op. Op. Op 
2ce. lecitho- 
vitellin solution — — Op F + — 
2 1.5% r.b.c. 


See key, Table 1. 


Cl. hemolyticum antiserum was prepared by 
the University of Nevada for use in treatment 
of bacillary hemoglobinuria. 

Activity of Clostridium Hemolyticum 
Toxin in Human Serum and Lecithovitel- 
lin.—When the toxin of Cl. hemolyticum 
was combined with human serum, the re- 
action was identical to that described by 
Nagler* with Cl. welchii toxin, i.e., an 
opalescence occurred on incubation which 
gradually gave rise to a layer of fatlike 
substance on the surface. Clostridium 
hemolyticum toxin in combination with 
the lecithovitellin gave a reaction identical 
to that described by Macfarlane et. al.’ 
with Cl. welchii toxin, i.e.: “When this 
crude lecithovitellin is treated with Cl. 
welehii toxin, even in the cold, an opales- 
cence develops within a few minutes, pro- 
ceeding to flocculation and the separation 
of a thick curd of fat.” The reaction 
with Cl. hemolyticum toxin was consider- 
ably stronger in both indicators than that 
produced by Cl. welchii toxin, the end- 
point of lecithovitellin occurring at four 
to five times the dilution found with the 
human serum reaction. Both reactions were 
lependent on the presence of ionized cal- 
clum and were inhibited in the presence 
f phosphate, citrate, and oxalate ions, and 
n the presence of phenol and formalin. 
Both reactions were specifically inhibited 
n the presence of immune serum. 

In order to show the correlation between 


added to fixed quantities of the three 
indicators and incubated for sixteen hours 
at 37.5 C. The end-points of the human 
serum and hemolytic reactions were iden- 
tical at 1:600, while the lecithovitellin re- 
action shows some opalescence beyond a 
1:4,000 dilution. In comparing the lethal 
activity with the lecithinase activity of 
several strains of Cl. hemolyticum, it was 
found that strains showing the highest 
lecithinase activity also proved to be the 
most toxic for mice. The cultures showing 
a lecithinase titer between 1:25,600 and 
1:51,800 had a lethal activity or from 100 to 
200 m.l.d.’s (minimal lethal doses) per 
cubic centimeter; those showing a lecithin- 
ase titer from 1:6,400 to 1:12,800 had a 
lethal activity of from 50 to 100 m.l.d.’s 
per cubic centimeter. 


TABLE 3—Protective Power of Clostridium Hemoly- 
ticum Antiserum (U. of Nevada Lot 32) Against 
Toxin 2504. Three 20-Gm. Mice Inoculated Intra- 
venously with 0.2 Cc. of Each Toxin-Antiserum 


Mixture 
Anti- Ratio Result 

Toxin serum Serum : Toxin Survived Dead 

2 ce. 0.4 ce. 1 5.0 3 0 

2 cc. 0.26 ce. 1 7.7 3 0 

2 ec. 0.2 cc. 1 10.0 3 0 

2 ce. 0.16 ec. 1 12.5 2 1 

2 cc. 0.13 ce. 1 15.3 0 3 

2 ce. 0.1 cc. 1 20.0 0 3 
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As shown in table 2, one mouse m.l.d. 
of toxin was combined with descending 
quantities of antiserum and after fifteen 
minutes’ incubation was then combined 
with the three indicators, and incubated 
sixteen hours at 37.5 C. With this particu- 
lar lot of antiserum, it was found that 
complete inhibition of the activities of the 
toxin occurred in a ratio of one part anti- 
serum to ten parts of toxin. In order to 
check the in vitro activity against the in 
vivo activity, a series of mice were inocu- 
lated with various toxin-antiserum com- 
binations as in table 3, using ten m.].d.’s of 
toxin as a test dose. It will be seen that a 
ratio of one part antiserum to ten of toxin 
was sufficient to protect the mice against 
the lethal activity of the toxin of Cl. hemo- 
lyticum. 

These parallel results in the in vitro, as 
well as the in vivo, test would indicate that 
opalescence of human serum, the floccula- 
tion of lecithovitellin, and the hemolysis of 
red blood cells, as well as the lethal activity, 
are probably all due to the same enzyme 
in Cl. hemolyticum toxin. 

Since the type of reaction encountered in 
all indicators used was almost identical 
with Cl. welchii and Cl. hemolyticum 
toxins, it was necessary to check the speci- 
ficity of the reactions by the use of hetero- 
logous antiserums. Descending amounts of 
Cl. welchii antitoxin starting with four 
times the amount of antitoxin to toxin 
were combined with one mouse m.l.d. of 
Cl. hemolyticum toxin and added to the 
various indicator solutions. An _ identical 
setup was made using Cl. hemolyticum 
antitoxin with Cl. welchii type A toxin. 
No inhibitions of the activities were found 
in either case. Neutralization tests were 
made with heterologous antiserum and 
toxin combinations inoculated intraven- 
ously in mice. In neither case were the 
mice protected against the lethal dose of 
such toxin-antitoxin combinations. 

In Nagler’s? observations, it was shown 
that several members of the Clostridium 
group did not form an opalescence with hu- 
man serum. Our findings indicated that 
other members of the Clostridium group 
might show a reaction with lecithovitellin 
solution because of the sensitivity of the 
reaction. For this reason, strains avail- 


able in our stock collection, as well as sev- 
eral strains from the American Type Cul- 


ture Collection, were tested. Two strains 
each of Cl. chauvei, Clostridium sordeliii, 
Cl. sporogenes, Cl. septicum, Cl. tetani, Clo- 
stridium fallax, and Cl. histolyticum, as 
well as one strain each of Cl. welchii, type 
B, and Cl. welchii, type C, failed to give 
any reaction at a dilution of 1:25 in leci- 
thovitellin. Of three strains of Cl. welchii, 
type D, one gave a strong reaction at a 
dilution of 1:100 indicating a possible 
mixed type A and D strain. Two strains 
of Cl. oedematiens, as well as one strain 
of Cl. botulinum, type A, showed a fairly 
strong reaction at dilution of 1:100. Two 
strains of Ci. welchii, type A, gave re- 
actions at a dilution of 1:1,600. Seventeen 
strains of Cl. hemolyticum showed consist- 
ently strong reactions at dilutions from 
1:1,600 to 1:51,200. No inhibition was 
found with other species showing activity 
when their toxins were combined with Cl. 
hemolyticum antiserum. 

Further studies on the biochemical na- 
ture of the reaction of Cl. hemolyticum 
toxin in lecithovitellin are now in progress. 
At present, the findings with Cl. hemo- 
lyticum toxin are that the enzyme respon- 
sible for the reaction is a type of lecithin- 
ase similar to that found by Macfarlane 
and Knight® with type A Cl. welchii toxin. 
A colorimetric method for measuring the 
antilecithinase activity of antiserums and 
in estimating the presence of immune 
bodies (antilecithinase) in the serum of 
vaccinated animals, as well as further 
studies of the biochemistry of this reaction, 
will be reported later. 


SUMMARY 


1) Opalescence of human serum and 
flocculation of egg yolk solution (lecitho- 
vitellin) occur when these substances are 
combined with Clostridium hemolyticum 
toxin. 

2) A distinct parallelism exists between 
these reactions and the lethal and hemolytic 
reactions of this toxin. 

3) The reactions described are depenc- 
ent on the presence of ionized calcium an1 
are inhibited by the presence of phosphat, 
citrate, and oxalate ions, as well as in the 
presence of phenol and formalin. The r:- 
actions are specifically inhibited in the 
presence of immune serum. 

4) The reactions are probably due to a1 
enzyme lecithinase present in Cl. hem - 
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lyticum toxin, which is similar in its 
activity to a lecithinase observed by other 
authors in Clostridium welchii type A toxin. 

5) Similar reactions in lecithovitellin 
with toxins of Cl. welchii, type A, Cl. 
hemolyticum, Clostridium oedematiens, and 
Clostridium botulinum, type A, indicate 
the presence of a lecithinase-forming group 
in the genus Clostridium which might aid 
considerably in identification of the mem- 
bers of the genus. 


References 


‘Records, Edward, and Vawter, L. R.: Bacil- 
lary Hemoglobinuria of Cattle and Sheep (Red 
Water Disease). 

173, 1945. 


U. of Nevada Agric. Sta. Bull., 


7Records, Edward, and Vawter, L. R.: Recent 
Studies on Ictero-Hemoglobinuria of Cattle. 
J. A. V. M. A., 68, (1926): 1-19. 


‘Nagler, F. P. O.: Observations on a Reaction 
Between the Lethal Toxin of Cl. welchii Type A 


and Human Serum. Brit. J. Exptl. Path., 20, 
(1939): 473-485. 
‘Nagler, F. P. O.: The Estimation of the 


Combining Power of Cl. welchii (Type A) Toxoid. 
J. Path. and Bact., 52, (1941): 105-110. 


‘Macfarlane, R. G., Oakley, C. L., and Ander- 
son, C. G.: Hemolysis and the Production of 
Opalescence in Serum and Lecitho-Vitellin by 
the Alpha Toxin of Cl. welchii, J. Path. and Bact., 
52, (1941): 99-103. 


*Van-Heyningen, W. E.: The Biochemistry of 
Gas Gangrene Toxins, Estimation of the Alpha 
Toxin of Cl. welchii Type A. Biochem, J., 35, (1941): 
1246-1256. 


™acfarlane, M. G., and Knight, B. C. J. G.: 


The Biochemistry of Bacterial Toxins. I. The 
Lecithinase Activity of Cl. welchii Toxins, Bio- 
chem. J., 35, (1941): 884-902. 


| 
| 

| 

| 


Corynebacterium Ovis Associated with an 
Arthritis in Lambs 


HADLEIGH MARSH, D.V.M. 


Bozeman, Montana 


THERE ARE SEVERAL pathologic conditions 
which produce what the sheepmen describe 
as “stiff lambs,” some of which were inves- 
tigated and the cause determined. One of 
these is the “white muscle” disease, which 
was found to be a nutritional disorder. 
Another is the specific arthritis caused by 
the entrance of Erysipelothrix rhusiopa- 
thiae through the umbilicus or docking 
wound. The subject of this report is a 
third type of stiff lambs, occurring in the 
northwestern states in lambs coming off the 
summer range in the mountains. It has 
been observed, to a limited extcnt, in cen- 
tral Montana where the bacteriologic work 
reported here was done. In eastern Oregon, 
a condition with the same clinical history 
has been reported for many years as af- 
fecting large numbers of lambs. No bac- 
teriologic study of the Oregon lambs has 
been reported. The only information on 
them was negative. Twenty blood serums 
from affected Oregon lambs, forwarded to 
this laboratory by Dr. O. H. Muth, were 
examined for the presence of agglutinins 
for E. rhusiopathiae, with negative results. 


CLINICAL AND BACTERIOLOGIC DATA 


In November, 1937, an investigation was 
made on a ranch where about 14,000 ewe 
lambs had been assembled from several outfits. 
There was a hospital flock of about 120 lambs 
taken from the bands over a period of two 
or three weeks. The history was that the 
lambs on the range became too lame to follow 
the band. When brought to the ranch and 
held on good pasture, most of them recovered. 
The temperatures of 6 lame lambs were taken, 
with 3 showing temperatures from 105.2 to 
105.6 F., which probably represented a slight 


From the Montana Veterinary Research 
Laboratory (Montana Experiment Station and 
Livestock Sanitary Board, coéperating). Paper 
No. 187, Journal Series, Agricultural Experi- 
ment Station, Montana State College, Bozeman. 


Veterinary pathologist and head of the Vet- 


erinary Research Laboratory, Montana State 
College, Agricultural Experiment Station, 
Bozeman. 


elevation. Three lambs were moved to the 
laboratory. One was killed for postmortem 
examination. The other 2 lambs recovered 
completely. The autopsy showed evidence of 


arthritis in both carpal joints, the left 
shoulder, both elbows, and one stifle joint. The 
right carpus, somewhat enlarged, contained 
a thick, greenish pus, while the other joints 
showed a slight, greenish necrosis of the cap- 
sule and flakes in the synovial fluid. The pre- 
scapular lymph nodes were somewhat en- 
larged. One kidney contained two pus foci. 
Smears from the kidney and joint lesions 
showed organisms which were apparently Cor- 
ynebacterium pyogenes. A Corynebacterium 
identified as C. pyogenes, was isolated from 
three joints. 

In August, 1958, stiff lambs were reported 
in one of three bands of sheep owned by a 
man who summers his outfit in the mountains 
near Bozeman. The owner had similar cases 
in his sheep for several years. At the time 
the condition was reported (August 21), 20 
cases had developed, and 6 of these lambs were 
brought to the laboratory. All walked with 
great difficulty, as if the joints of all four 
legs were very painful, but no enlargement of 
the joints could be detected. Blood samples 
were tested for Erysipelothrix agglutinins, 
with negative results. Temperature records 
were made on these lambs from August 22 to 
September 2. There was no definite evidence 
of febrile reaction, as normal lambs occasion- 
ally show temperatures of more than 105 F., 
but lambs 2 and 3 (fig. 1), the most severely 
affected, showed consistently higher tempera- 
tures than the other lambs. Their readings 
(above 104 F. for several days) were con- 
sidered as evidence of slight fever. On August 
27, they were unable to rise without help. On 
August 29, lamb 3 was killed for study. The 
other 5 eventually recovered. 

The autopsy on lamb 3 revealed lesions in 
all the articulations of the legs, but none else- 
where. There was no gross enlargement of 
the joints, but in some of them there was a 
slight distention of the capsule, which could 
be detected only after the skin was removed. 
In some of the joints, there was a small amount 
of tissue proliferation along the attachment of 
the capsule. The synovial fiuid was slightly 
turbid. There was a_ greenish, organized 
exudate along the tendon sheaths. Sections of 
this semisolid exudate showed it to consist of 
polymorphonuclear leucocytes in a fibrin 
matrix. Smears from the synovial fluid showed 
many leucocytes and a few groups of minute 
gram-positive cocci. 
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Cultures were made from the heart blood, 
the synovial fluid of both carpal joints, one 
fetlock, one stifle, and one hock. No growth 
developed on the cultures from the heart 
blood, carpal joints, and hock. Cultures from 
the fetlock and stifle developed an organism 
which was identified as Corynebacterium ovis 
(strain 1368). 

In 1946, a Corynebacterium (strain 2884), 
which shows some cultural reactions character- 
istic of Corynebacterium equi rather than 
C. ovis, was recovered in pure culture from 
the turbid fluid in an arthritic joint of a 
lamb from another ranch. 

In 1989 and 1940, a similar condition was 
studied in lambs of the experiment station 
range band. On July 13, 1939, about 10 stiff 
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the trochlea and the lateral surfaces of the 
condyles were eroded, soft, and _ slightly 
hyperemic. The tarso-metatarsal articulation 
showed two small areas of erosion. In the left 
elbow, there was an excess of synovial fluid, 
which was viscid, flaky, and yellowish. The 
capsule was thickened and hyperemic. A diph- 
theroid identified as C. ovis (strain 1528), 
was recovered from the elbow joint. 

On Aug. 16, 1939, 7 of the remaining 9 
lambs showed no symptoms and were _ re- 
turned to the band. One lamb, DR-883, was 
still lame. Lamb DC-234 had maintained a 
temperature above 104 F. since July 24. These 
2 lambs were retained for further observation. 
Temperature records were kept until Dec. 1, 
1939, and indicate that these 2 lambs carried 


Fig. |—Two views of lamb 2 showing clinical manifestations of "stiff lamb" disease. 


lambs were observed on the summer range. 
Temperatures of 4 of them were taken and 
3 ranged from 104.9 to 105.4 F., indicating 
slight fever. On July 21, the band was again 
examined. At this time, the 4 lambs examined 
on July 13 showed no symptoms. Eleven 
lambs showing symptoms were cut out and 
brought to the laboratory. Seven of them 
showed temperatures above 104 F., ranging to 
106.6 F. Four showed definite lameness in one 
leg. In 1 case, the left hock was noticeably 
enlarged. Four others were generally stiff, 
and 1 was lame in the hindquarters. 

On July 25, 1939, 1 of the lambs (D-1031) 
was selected to be killed for postmortem ex- 
amination. The temperature was 105.4 F., but 
no lameness could be detected. At autopsy, 
both hocks showed grayish white, eroded areas 
on the trochlea. The right elbow showed white 
flakes in the synovial fluid and a small area 
of erosion on the head of the radius. Cultures 
from the synovial fluid of the right hock de- 
veloped an organism which was identified as 
C. ovis (strain 1526). 

On July 28, 1939, lamb DR-919, noted above 
as showing an enlarged hock, was killed for 
postmortem examination. The temperature 
was 104.2 F. The left hock was enlarged and 
tender. The autopsy showed arthritis in two 
joints. In the left hock, the entire surface of 


a low-grade fever during most of this period. 

During August, 1940, 16 stiff lambs were 
brought in from the range bands run by the 
experiment station. Temperature records were 
made on 6 lambs, 4 of which had a consistently 
higher temperature than that of corresponding 
days for the highest of 4 normal lambs, again 
indicating a low-grade fever, running between 
104 and 105 F. Graph 1 shows the tempera- 
ture graphs for 3 of these lambs and for the 
highest temperature each day in a group of 4 
normal lambs. 

Two lambs of the 1940 group were killed 
and the lesions cultured. On Aug. 23, 1940, 
lamb F-1277 showed slight stiffness, with a 
temperature of 105.6 F., and was killed for 
postmortem examination. Several of the leg 
joints showed an excess of turbid synovial 
fluid and contained grayish yellow masses 
of organized exudate. Cultures from four 
joints failed to develop any growth. 

Lamb FR-91 was brought to the laboratory 
from the range on Aug. 22, 1940. She walked 
stiffly, with apparent tenderness in all four 
legs. The back was arched and the feet car- 
ried close together. When the lamb was killed 
on August 26, the autopsy showed the follow- 
ing lesions: In the right fore leg, the bursa 
of the tendon of the coraco-brachialis muscle, 
where it passes over the scapulo-humeral 
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articulation, was greatly distended with tur- 
bid, greenish synovial fluid. The bursa con- 
tained greenish, flat bodies of organized 
exudate. Similar organized exudate was 
found in the bursa of one of the tendons 
passing over the carpus. Similar lesions, 
present in the corresponding joints of the left 
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Graph !—Temperatures of 3 lame lambs, and the 
highest temperature occurring each day in a group 
of 4 normal lambs. 


foreleg, were less extensive. In the right hind 
leg, there was slight turbidity of the synovial 
fluid of the stifle. The bursa of the superficial 
flexor tendon over the hock was distended with 
turbid synovial fluid. The fluid pressure was 
sufficient to form a small puff just above the 
tuber calcis on the posterior surface of the 
tendon. In the bursa, there were two green- 
ish, flat masses of organized exudate, the 
larger one being about 3 cm. in length. There 
were small, radial, hemorrhagic streaks on the 
posterior face of the tuber calcis beneath the 
bursa. The bursa of the deep flexor tendon 
also contained turbid fluid. No lesions were 
found in the left hind leg. A diphtheroid con- 
sidered at the time to be an atypical C. ovis 
(strain 1705), but which was found to have 
some cultural characteristics of C. equi, de- 
veloped on a culture from the bursa of the left 
coraco-brachialis tendon. 

In 1943, a stiff lamb from the experiment 
station band was killed, and arthritic lesions 
were found in the left hock joint. The synovial 
fluid was turbid. There was an eroded area in 
the groove of the trochlea of the tibial tarsal 
bone, and a corresponding area of erosion on 
the articular surface of the distal extremity 
of the tibia. There was also a small eroded 
area on the proximal articular surface of the 
large metatarsal bone. Cultures from the 
synovial fluid developed an organism identified 
as C. ovis (strain 2335). 


In connection with the consideration of the 
bacteriologic findings in stiff lambs on the 
summer range, it is interesting to record the 
results of bacteriologic examination of 2 cases 
of arthritis in lambs about 2 weeks old from 
two sheep outfits. One of these was a lamb 
which became so lame that it was unable to 
stand. The autopsy showed evidence of 
arthritis in the right scapulo-humeral, left 
carpal, right tarsal, and left stifle joints, 
There was slight enlargement of the joints, 
The shoulder joint and the related tendon 
sheaths contained a mass of gray, organized 
exudate. Smears from this joint showed a 
gram-positive diphtheroid organism. The tar. 
sal and femoro-tibial joint capsules contained 
masses of a pinkish, organized exudate. Cul- 
tures from the tarsus and carpus developed a 
gram-positive diphtheroid organism (strain 
2756). The organisms were pleomorphic, with 
coccoid forms of varying size predominating. 
There were a small percentage of fusiform 
individuals and some club forms. 

The second case occurred in the experiment 
station band. This lamb died as the result of 
inability to use its hind legs. The autopsy 
showed an arthritic condition in the left stifle 
and right hock. The joint capsules were dis- 
tended with masses of grayish, organized 
exudate. Cultures developed two organisms, « 
gram-negative rod and a Corynebacterium 
(strain 2787). 

A comparative study of seven strains of 
Corynebacterium recovered from arthritis 
cases was made with the objective of determin- 
ing whether they should be referred to the 
species C. ovis. Five strains from the summer 
range cases were available, numbers 1526. 
1528, 1705, 2335, and 2884. The first four of 
these strains were recovered from lambs of the 
experiment station range bands, from cases 
occurring in three different seasons. The fifth 
was from a ranch in another part of the state. 
The other two strains used were numbers 2756 
and 2787, recovered from the young lambs. 
For each of these strains, there were recorded 
the morphology and the reactions in the fol- 
lowing mediums: serum agar, serum broth, 
litmus milk, gelatin, coagulated serum, blood 
agar, nitrate broth, glucose broth, sucrose 
broth, maltose broth, and lactose broth. The 
results are shown in table 1. The table also 
shows the available data on strain 1368, which 
was recovered from a lamb originating on 4 
different ranch from that on which the other 
4 summer-range cases developed. 

None of the strains studied liquefied gelatin 
and coagulated serum or hemolyzed red b!ood 
cells. These reactions, which have been 
omitted" from the table, differentiated~ t) ese 
strains from C. pyogenes. The first ‘our 
strains in the table, recovered from cases on 
two ranches, show the characteristics wich 
have been considered in this laboratory as 
typical of C. ovis. They show a dull, dry, ron- 
adherent growth on serum agar; granular. © 2di- 
ment and pellicle in serum broth; no acic in 
litmus milk; no hemolysis; no reduction of 
nitrate; acid in glucose, sucrose, and malt )se, 
but not in lactose. 
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CORYNEBACTERIUM OVIS AND ARTHRITIS IN LAMBS 


The last two strains, 1705 and 2884, differed 
definitely from typical C. ovis in that they 
reduced nitrate to nitrite and produced no 
acid in carbohydrate mediums. According to 
Merchant,!- 2 these reactions would identify 
these two strains as C. equi, but they did not 
show the abundant butyrous, pigmented 
growth on agar characteristic of C. equi. 
Brooks and Hucker’ include in their inter- 
mediate group, which includes C. ovis, some 
strains which reduce nitrate and fail to pro- 
duce acid in glucose. 

Strains 2756 and 2787, which were recovered 
from very young lambs, differed somewhat 
from typical C. ovis, but were more closely re- 
lated to C. ovis than to other species in this 


genus. 


DISCUSSION 


The above data show, in four sheep out- 
fits, an obscure form of stiffness in lambs, 
which has been studied. The cause of the 
lameness was found to be a nonsuppurative 
arthritis and bursitis. 

The symptoms are those referable to 
painful leg joints. The usually minor en- 
largement of the affected joints dis- 
tinguishes the condition from joint in- 
fections with pus-producing organisms. 
The condition differs from the nonsuppura- 
tive arthritis produced by E. rhusiopathiae 


TABLE !—Cultural Characteristics of Eight Strains of Corynebacterium Recovered 
from Cases of Arthritis in Lambs 


> 
oo 
Dull dry, 
uneven 
Lamb 4 surface, Granular 
1368 mo. old, Cocco- non- sediment, 
arthritis. bacillus, adherent. nocloud. 
Dull dry, 
Cocco- uneven 
bacillus, surface, 
some non- Granular 
Lamb 4 fusiform adherent, sediment, No 
1526 mo. old, & club slightly nocloud, Softcurd, reduc- No 
arthritis. forms. yellow. pellicle. no acid. tion. Acid. Acid. Acid. acid. 
Dull, ary, 
Cocco- uneven 
bacillus, surface, 
some non- Granular 
; Lamb 4 fusiform adherent, sediment, No 
1528 mo. old, « club slightly nocloud, Softcurd, reduc- No 
arthritis. forms. yellow. pellicle. no acid. tion. Acid. Acid. Acid. acid. 
Dull, ary, 
uneven 
surface, 
non- Granular 
.... Lamb 4 adherent, sediment, No 
«335 mo. old, Cocco- slightly nocloud, Softcurd, reduc-+ No 
arthritis. bacillus, yellow. pellicle. no acid. tion. Acid. Acid. Acid. acid. 
Large 
cocco- 
bacillus, Flat, 
some color- 
aa Lamb 2 fusiform less, Granular 
275% wk. old, & club smooth, sediment. No No : No 
arthritis. forms. not dry. Nocloud. change. Acid. acid. Acid. acid 
Cocco- Flat, 
bacillus, color- 
Lamb some less, Acid, no No 
«it wk. old, diphther- smooth, coagula- reduc- 
arthritis. oid rods. not dry. Cloud. tion. tion. Acid. Acid. Acid. Acid. 
Diphther- Flat, 
oid rods, color- 
. Lamb 4 club & less, Granular Reduced 
17( mo. old, barred smooth, sediment. No to o No No No 
arthritis. forms. not dry. No cloud. change. nitrite. acid. acid. acid. acid. 
Flat, 
color- 
. Lamb 6 Diphther- less, Reduced 
«8 mo. old, oid smooth, No to o No No No 
arthritis. rods. not dry. Cloud. change. nitrite. acid. acid. acid. acid. 
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in that many of the affected lambs showed 
only mild symptoms, and all recovered 
clinically within a month after severe symp- 
toms appeared if placed in a hospital flock 
where feed and water were available and 
the lambs were not obliged to follow the 
band on the range. 

In the case of one of these outbreaks, 
only 1 lamb was examined bacteriologically, 
and a Corynebacterium identified as C. 
pyogenes was recovered from three joints. 
It is believed that the lamb killed for study 
was not typical of the group, as it showed 
pus in one of the joints. Cultures from 
joint lesions in 6 lambs from the other 
three ranches developed C. ovis, or a closely 
related Corynebacterium, while no organ- 
isms were found in the lesions cultured in 
1 case. In the instance of the experiment 
station sheep, C. ovis was recovered from 
the joints of stiff lambs in three different 
years. In each case of recovery of a Coryne- 
bacterium from lambs 3 to 6 months old, it 
was present in pure culture, but in small 
numbers, some of the cultures developing 
no growth. This may indicate that the in- 
fection was in a retrogressive stage when 
the bacteriologic examination was made. 

While no attempt was made to reproduce 
this form of arthritis by infecting experi- 
mental animals, it seems reasonable to con- 
clude that the lesions observed result from 
infection with a Corynebacterium. The 
source of the infection and the route by 
which the organisms gained access to the 
body is still a matter of conjecture. While 
not yet experimentally proved, it is believed 
that the organism probably gained access 
to the body of the lamb during the first few 
days or weeks of the life, in a manner 
similar to that in which E. rhusiopathiae 
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has been shown to infect lambs and produce 
arthritis. In the case of the arthritis pro- 
duced by E. rhusiopathiae, the disease oc- 
curred where shed lambing was practiced, 
as opposed to range lambing, — the infec- 
tion entering the lamb’s body by way of the 
umbilicus, the docking wound, or the cas- 
tration wound. This hypothesis as regards 
C. ovis infection is supported to some ex- 
tent by the fact that one owner of.a ranch 
where we studied the disease, who runs 
three bands of sheep, reported that the stiff 
lambs developed only in the one _ band 
which was lambed early in sheds and not in 
the two bands lambed on the range. 
Further evidence exists in the finding of 
atypical C. ovis in joint lesions in 2-week- 
old lambs on two ranches. 

In connection with this finding of C. ovis 
as probably the immediate etiologic agent 
in the development of a form of arthritis, 
it is of interest to note that in Montana 
sheep the form of C. ovis infection known 
as caseous lymphadenitis is very rare, if 
it exists at all in the native sheep. 


SUMMARY 


A form of stiffness in lambs, occurring in 
mountain lambs in July and August, was 
found to be due to arthritis and bursitis, 
from the lesions of which Corynebacterium 
ovis was recovered in pure culture. 
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Duration of Sperm Fertility in the Ewe 


W. W. GREEN, Ph.D. 
St. Paul, Minnesota 


THE LENGTH of time sperm may remain 
fertile in the female reproductive tract dc- 
pends upon the conditions within the fe- 
male tract and the quality of the sperm 
cells. Because of the variability in the 
duration of the heat period in the ewe, it 
is desirable to know the length of time 
sperm may remain fertile after service. 
This is especially true under conditions of 
hand mating. 

McKenzie and Phillips’ found that estrus 
varies from three to fifty-one hours, and that 
the percentage of conceptions was greater in 
ewes bred after the first fourteen hours. 
Quinlan et al.’ showed that in the Merino the 
conception rate was highest among ewes bred 
during the first thirty hours and lower in 
those bred later than thirty hours. They 
found live sperm in the uterus and oviduct 
forty-eight hours after mating. 

Ewes ovulate near the end of the heat 
period. Quinlan and Maré* found that ovu- 
lation seldom occurred in the Merino before 
the thirty-sixth to fortieth hour after the start 
of estrus and stated “ ... but there appears to 
be little doubt that it occurs towards the end 
of the period of oestrus.” They also reported 
that the duration of heat appeared to de- 
pend upon the time of rupture of the follicle 
and “some six hours after rupture of the 
follicle the desire to copulate gradually falls 
off.” 

Clark* stated that ovulation took place late 
in estrus. In a more comprehensive study, 
Green and Winters’ found that ovulation usu- 
ally takes place within six hours of the end 
of the heat period. This fact was substan- 
tiated by McKenzie and Terrill.’ 

Because ovulation takes place close 


enough to the end of the heat period to 
use that time as an indication of probable 
ovulation, this study was made by mating 
ewes at certain times before heat had 
passed. 


MATERIALS AND METHODS 


Fifty-five grade Shropshire ewes and 2 
highly fertile, vigorous, grade Shropshire 


Paper No. 2318 of the Scientific Journal Series 
of the Minnesota Agricultural Experiment Sta- 
tion. From the Division of Animal and Poultry 
Husbandry, University of Minnesota, Univer- 
sity Farm, St. Paul 1, Minn. 

\ssociate professor of animal genetics, di- 
Vision of Animal and Poultry Husbandry, Uni- 
versity of Minnesota, St. Paul. 


rams were used. The ewes were teased at 
6 a.m., 12 noon, 5 p.m., and 9 p.m. every day 
by aproned rams. This method of estimating 
the time estrus commenced or ceased is, of 
course, less accurate when the heat period 
starts or ends at night. But the end of the 
period during which mating was made could 
be estimated rather closely because at least 
two estrus periods previous to breeding were 
used to determine the length of the period for 
each ewe. Careful notes on the reactions 
of the ewes helped also. All matings were 
natural services made at various times before 
the estimated end of estrus. The end of 
estrus was ascertained during routine teasing. 
The success of producing pregnancy was 
determined in two ways: (1) Sufficient time 
was allowed to elapse to give each ewe an 
opportunity to return to heat; (2) if she did 
not return, she was slaughtered and the fe- 
tuses recovered (Winters and Feuffel'). 


RESULTS AND DISCUSSION 


The results secured in this study are 
shown in table 1. The data suggest that 
the sperm may remain in the reproductive 


TABLE 1i—Settling-Rate of Ewes Bred at Various 
Lengths of Time Before the End of Estrus 
Hours before No. ewes No. ewes 
end of estrus bred settled 
5 1 1 
6-10 7 6 
11-15 7 7 
16 - 20 9 7 
21 - 25 11 11 
26 - 30 7 7 
33 4 4 
39 2 1 
46 1 1 
51 1 0 
53 1 1 
54 1 1 


tract for approximately two days and still 
be fertile. How much longer spermatozoa 
of the sheep can retain their ability to 
fertilize the ovum is still unanswered. 
Most of the work completed on sperm of 
nonhibernating mammals has indicated that 
sperm retained its ability to fertilize for 
twenty-four hours or less (Hartman,* So- 
derwall and Young,’ and Soderwall and 
Blandau”). Day” has, however, shown that 
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horse sperm may live in the reproductive 
tract of the mare up to six days and still 
be able to fertilize an ovum. The sheep 
sperm, then, is not unique in having a 
relatively long fertile life within the re- 
productive tract of the female. 


SUMMARY AND CONCLUSIONS 


By mating ewes at various times prior 
to the termination of estrus, it was found 
that sperm may retain its ability to ferti- 
lize an ovum after approximately two days’ 
residence in the reproductive tract of the 
ewe. This and other work indicates that, for 
most ewes, it is necessary to mate but once 
during a heat period of normal length, 
provided the sperm is of high quality and 
a normal, vigorous service is performed. 
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Variation of the Renal Function in Normal and 


Unilaterally Nephrectomized Dogs 


JOHANNES MOUSTGAARD, V.M.D., M.S.Ag. 


Copenhagen, Denmark 


IN 1928, WATZADZE,” experimenting on arti- 
ficially perfused frog kidneys, found that 
the amino acid, glycine, and different di- 
peptides caused a considerable increase of 
the arterial blood flow, while the flow from 
the renal vein changed but little. Other 
N-containing compounds such as creatin- 
ine, creatine, and hippuric acid had no 
such effect. On examining the magnitude 
of the glomerular filtration measured by 
xylose clearance in dogs, Shannon, Joliffe, 
and Smith* found an increase of the renal 
function of about 100 per cent or more, 
when they were fed great quantities of 
protein. The blood-urea concentration rose 
to about 80 mg. per 100 cc. that was, how- 
ever, without any effect on the magnitude 
of the clearance, for a rise of the blood- 
urea concentration to above 200 mg. per 
100 ec. caused by oral administration of 
urea solution failed to cause a rise of the 
clearance. Cope’ found that an increase 
of the protein content of the diet of hu- 
man beings from 75 to 100 Gm. of protein 
a day did not cause any change in the 
urea clearance, whereas, a reduction of 
the protein content from 75 to 40 Gm. a 
day brought about a fall of clearance in 
1! of 12 cases. The reduction of clear- 
ance was 20 to 40 per cent. Investigations 
showing good agreement with Cope’s re- 
sults were described by Goldring et al.” 
ngley and Miller” found, in human 
beings, a rise of the urea clearance of 22 
tu 30 per cent two to three hours after 
protein repast of 100 Gm. They found 
» relation between the quantity of pro- 
‘in administered and the magnitude of 
he urea clearance. Allan and Cope’ found 

direct measuring of the transplanted 
dog kidney that protein feeding caused an 
increase in kidney size, this increase being 


‘ommunications from the Danish Research 
boratory, Department of Animal Physiology, 
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maximal three to four hours after the 
feeding. They found no change in the 
blood pressure. 

Pitts” found that small quantities of 
protein had no measurable effect in experi- 
ments on dogs, whereas, a pure meat diet 
produced a rise of clearance persisting 
fairly long and the magnitude of which 
depended upon the quantities of protein 
administered; morever, the amino acids, 
glycine and alanine, as well as casein, had 
a similar effect. Pitts, therefore, assumes 
that the action of the protein substances 
on the renal function is due to the amino 
acids. 

Hiat and Hiat“ demonstrated in seals 
that both inulin clearance and diodrast 
clearance rose to triple values after a 
single protein feeding. Alper and Lilien- 
thal,* in dogs which had received 900 Gm. 
of meat, found a rise of inulin, urea, and 
diodrast clearance of 118, 90, and 68 per 
cent, respectively. 


INVESTIGATION IN NORMAL Docs 


For the following investigations, 3 healthy, 
well-trained dogs of nondescript breeding 
were used. As it was impossible on account 
of the war to procure diodrast, the renal 
plasma flow was determined by hippodin clear- 
ance (sodium ortho-iodohippurate), which is 
of about the same magnitude as diodrast 
clearance” or a little lower.” The magnitude 
of the glomerular filtration was determined 
by inulin clearance, the inulin employed being 
“Astra” inulin and that made in our own 
laboratory. All the clearance periods were 
from thirty to forty-five minutes in length, 
and each experiment consisted of two periods. 
The analytic methods used are those pre- 
viously described.” The normal food of the 
dogs consisted of 12 Gm. of bread and 50 cc. 
of milk per kilogram body weight a day. In 
order to determine the lowest renal function 
of the dogs, 2 of them were submitted to ex- 
amination of the magnitude of that function 
after one, two, five, eight, and eleven days’ 
fasting. The results are recorded in figure 
1. It is evident that the clearance after one- 
day fasting is on the same level as after 
three to five days of starvation. We may 
thus regard the clearance after twenty-four 
hours’ fasting as an expression of the lowest 
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normal clearance value in dogs with sound 
kidneys or as the resting capacity of the 
kidney. In both dogs, a rise of the renai 
function occurred on the later fasting days. 
The were both lean at the beginning of the 


experiment. Table 1 records the result of 
Fig.4. 
Mippodinclearance ° DogC 
Inulincleorance « D 160 = 
4 
70 40 > 
& 60} 4130 
10 
S 30 100 


'234¢5678 90 
Day's of starvation. 


serial examinations of 3 dogs for the deter- 
mination of the resting capacity. As a basis 
for comparison, kidney weight was computed 
according to the formula: 


RW=0.15 x W 0.63 x L 


where W is the dog’s weight in kilograms 
and L is the length in centimeters from muz- 
zle point to anus. The elaboration of this 
formula has previously been accounted for in 
detail.” 

Protein Test.—For the protein test, the dogs 
were fed lean horse flesh low in sinew con- 
tent, with a total protein N-content of 3.4 
per cent and a pure protein N-content of 
3.05 per cent. 

For the determination of the amount of 
horse flesh selected at random, experiments 
were carried out with 2 dogs. The results 
are recorded in figure 2. The maximal rise 
was reached in three to four hours after 
administration of the meat, and after twenty- 
four hours the renal function had fallen to 
the resting capacity. On the basis of this 
observation, all the subsequent experiments 
with administration of protein were started 
four hours after meat-feeding. 

Figure 3 records the results of examinations 
which show the dependence of the rise of 
renal function upon the quantity of protein 
administered (the protein effect curve). Ami- 
no acids were determined according to the 
method of Folin.” The maximal function in 
dogs B and D was reached with the admini- 
stration of 60 Gm. of meat per kilogram of 
body weight, whereas, dog A had to be given 
70 Gm. per kilogram of body weight to reach 
maximal function. By this protein feeding, 
the amino acid concentration in blood rose 
from values between 5 and 7 to values between 
11 and 15 mg. per 100 ce. To make sure that 
this resting capacity was not due to the ab- 
sorbing efficiency of the intestinal tract being 
reached by this administration, the dogs in 
some experiments received 70 Gm. of meat 
ten hours and four hours prior to the begin- 
ning of the experiment. This did not cause 
any further rise in the renal function. More- 


over, it will be seen that the inulin clearance 
ascends more rapidly and reaches a higher 
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level than the hippodin clearance. It is, how- 
ever, only dogs A and B which present this 
significant deviation, the hippodin clearance 
and the inulin clearance of dog A presenting 
almost parallel rises. 

Table 1 records the maximal values found 


Fig. 2. 609 meat per kg body weight 
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in these experiments and the reserve capa- 
city of the kidney is computed, maximal 
capacity minus resting capacity being equal 
to reserve capacity. 


EXAMINATIONS OF UNILATERALLY 
NEPHRECTOMIZED DoGs 


The nephrectomies were carried out on per- 
nocton-narcotized* dogs, and the renal func- 
tion was followed during the first two to three 
months. The results of these examinations 
are recorded in figure 4. In all the dogs, 
the nephrectomy was followed immediately 
by a considerable fall of both hippodin and 
inulin clearance. This fall was followed by 
a more or less pronounced rise. The resting 
capacity of dog D became constant after two 
weeks and that of dogs A and B, after nearly 
four weeks. The maximal capacity of all the 
dogs was constant after approximately one 
month. The mean values for clearance with 
and without protein administration are col- 
lected in table 2. It shows that resting capac- 
ity, maximal capacity, and reserve capacity 
of the remaining kidney are about two thirds 
of the values found prior to nephrectomy. 
The ratio of inulin to hippodin has risen to 
the same range of magnitude as that of dogs 
A and B during the protein test prior to 
nephrectomy (table 1). The protein test of 
the remaining kidney did not cause any fur- 
ther rise in this ratio. 

Neither hippodin clearance nor diodrast and 
p-amino-hippuric acid clearance is an exact 
expression of the renal plasma flow, for a 
single perfusion does not remove all the hip- 
podin from the plasma, even if the plasma 
concentrations are below “the self-depression 
limit.” Therefore, a correction must be in- 
troduced. Corcoran et al.’ report renal plasma 
flow to diodrast clearance x 1.15. The ex- 
traction percentage for diodrast was found 
by them to be 87; by Selkurt,” it was found 
to be 91 per cent for p-amino-hippurie acid. 
White” found that the diodrast extraction 
percentage was 74, and White and Hein- 
becher” report real renal plasma flow to dio- 


*Butyl-beta-brom-ollylbarbituric acid. 
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*Dog A.—Weight 15.9 kg. Length 93 cm. Computed kidney weight 79.7 Gm. 


Weight 16.4 kg. Length 95 cm. Computed kidney weight 83.0 Gm. 


15.9 kg. Length 88 cm. Computed kidney weight 75.4 Gm. 
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drast clearance x 1.20. Then the percentage 
filtration fraction is 


inulin clearance 


. x 100. 
hippodin clearance x 1.20 


White and Heinbecher” found that the fil- 
tration fraction was 20 per cent, varying from 
18 to 40; Corcoran and Page,* 29 per cent; 
Bing,’ 28 to 39 per cent uncorrected; and 
Alper and Lilienthal,’ 29 and 38 per cent un- 
corrected, repectively, before and after ad- 
ministration of protein. In the described ex- 
periments, the average filtration fraction com- 
puted for all the dogs prior to nephrectomy 
and without protein administration average 
28 per cent, for the dogs A and B. The fil- 
tration fraction after protein administration 
rises to 31 per cent, and after the nephrec- 
tomy the filtration fraction for all the dogs 
rises to 32 per cent. 


DISCUSSION 


Variations in the renal plasma flow (hip- 
podin clearance) and the glomerular filtra- 
tion (inulin clearance) may be explained 
by variations in the number of functioning 
nephrons or the resistance variation in 
vas afferens and vas efferens, or a com- 
bination of both. A variation in the num- 
ber of ‘active nephrons and the number of 
functioning loops in the individual glom- 
eruli has been demonstrated by direct obser- 
vations on frogs (Richardt and Schmidt,” 
Bieter’). Moore and Lukianoff,” and Hay- 
mann and Starr,” by intravital injection 
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of pigment into the renal arterial blood 
of mammals, claim to have demonstrated 
variations in the number of active glom- 
eruli and, moreover, that nephrectomy 
brought about a rise in the number of the 
latter from about 63 to 95 per cent (Moore 
et al.). White,” who has examined a great 
number of rabbits and dogs by intravital 
injection of ink into the prerenal blood, 
has not been able to demonstrate such a 
glomerular intermittence; like Moore et al., 
he found variations in the distribution of 
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the pigment; there were isolated groups of 
glomeruli vascularized from the same ter- 
minal artery which had taken up no ink, 
and there were variations in the distribu- 
tion of the ink within the individual glo- 
meruli. 

According to Smith” and Lamport,” the 
change in the filtration fraction is a con- 
sequence of changes in the tonus of vas 
afferens and vas efferens. A rise in the 
renal plasma flow as well as in the glom- 
erular filtration, with greatest rise of the 
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filtration resulting in an increased filtration 
fraction, as shown in these experiments 
with the dogs A and B during protein 
loading, and for all 3 dogs after unilateral 
nephrectomy, must be assumed to be due 
to simultaneous dilatation of vas afferens 
and vas efferens, although by further re- 
duction of the resistance of vas afferens. 
This will cause an increase of filtration 
pressure in the glomerular capillaries. An 
enlargement of the filtration area without 
change of the filtration pressure will give 
the same result, the magnitude of the 
filtration being dependent upon these two 
conditions. A dilatation of the already open 
capillary loops or an increase of their num- 
ber will, if all the other conditions are 
kept constant, result in a rise of the fil- 
tration fraction. Wimstrup’s investiga- 
tions” showed that the capillaries in the 
glomeruli are nonanastomosing. 

Pitts” found that, in dogs, intravenous 
injection of the amino acid, glycine, the 
result of which is an increase of the amino 
acid concentration in the blood, is accom- 
panied by an increase of the glomerular 
filtration as well as of the renal blood flow. 
By increasing glycine, amino acid N-con- 
centration to 16.2 mg. per 100 cc., the re- 
nal function increased about 77 per cent 
of the value found before the amino acid 
administration with simultaneous decrease 
of the filtration fraction. Pitts assumes 
that this is due to greater decrease of the 
resistance in vas efferens than vas afferens, 
caused by a toxic effect of the higher 
plasma glycine concentrations. A decrease 
of the resistance in vas efferens can also 
be caused by injection of pyrogenous in- 
ulin in human beings (Smith et al.”) and 
in seals (Bradley and Bing’). 

As was mentioned, Alper and Lilienthal’ 
found an increase in inulin clearance and 
urea clearance which was essentially higher 
than the increase in diodrast clearance. 
Thus, whereas glycine and pyrogenous in- 
ulin caused a reduction in the filtration 
fraction, protein feeding caused a rise in 
this fraction. 

The increase of the renal function dem- 
onstrated during starvation presumably 
must also be attributed to transition from 
carbohydrate metabolism, even though vari- 
ations in the amino acid concentration were 
not demonstrable. Pitts,” on transition 


from carbohydrate diet to protein diet, 
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found a considerable variation in the renal 
function without change of the plasma 
amino acid concentration. 

That a rise of the amino acid concentra- 
tion in the blood is accompanied by an 
increase of the renal function does not 
indicate anything concerning the mechan- 
ism of this regulation. But, when the 
denervated kidney follows the protein ad- 
ministration (author’s unpublished investi- 
gations) and otherwise follows the vari- 
ation in the renal function (Hiat,” and 
Maluf"), this is suggestive of a humoral 
regulation. 

The enormous decrease of the renal func- 
tion occurring after unilateral nephrectomy 
probably is the immediate consequence of 
that operation, but it may also partially 
be the consequence of the narcosis. The 
pronounced high function of the remaining 
kidney manifesting itself during the subse- 
quent days, particularly in dogs A and B, 
probably has to be attributed to renal 
hyperemia, tvhich was of short duration 
in dog D bu which persisted about thirty 
days in dogs A and B. At the same time 
as the restirg capacity and the hyperemia 
decreased, the maximal capacity increased. 
About one month after the operation, the 
renal function was constant and the vari- 
ations were very small but, both at rest 
and at maximal function, the kidney now 
worked with a higher glomerular filtration 
pressure or a larger filtration area. 


References 


‘Allan, F. M., and Cope, O. M.: Influence of 
the Diet on Blood Pressure and Kidney Size 
in Dogs. J. Urol., (1942): 761. 

2Alpert, K. L., and Lilienthal, J. L.: Studies 
on Experimental Hypertension. III. The Effect 
of Dietary Protein on the Clearance of Dio- 
drast and Inulin by the Kidney in Chronic 
Hypertension. Bull. Johns Hopkins Hosp., 72, 
(1943): 286. 

‘Bieter, R. N.: 
merular Blood Flow. Am. J. 
456. 

‘Bing, R. N.: The Effect of Vit. A. on Some 
Renal Functions of the Dog. Am. J. Physiol., 
140, (1943): 240. 

‘Bradley, S. E., and Bing, R. J.: Renal Func- 
tion in the Harbour Seal during Asphysial 
Ischemia and Pyrogenic Hyperemia. J. Cell. & 
Comp. FPhysiol., 19, (1942): 229. 

‘Cope, C. L.: Effect of Diet on Urea Clearance. 
J. Clin. Investigation, 12, (1933): 567. 

‘Corcoran, A, S., Smith, H. W., and Page, I. H.: 
The Removal of Diodrast from Blood by the 
Dog's Explanted Kidney. Am. J, Physiol. 134, 
(1941): 333. 

SCorcoran, A. C., and Page, I. H.: The Effects 
of Renin, Pitressin and Atrophin on Renal 
Blood Flow und Clearance. Am. J. Physiol., 126, 
(1939): 357. 

isom, kK. 
On the Excretion 


Splanchnie Regulation of Glo- 
Physiol., 91, (1929): 


Bott, P. A., and Shiels, E. H.: 


Diodrast and 


of Skiodan, 


Hippuran by the Dog. Am. J. Physiol. 117, 
(1936): 548. 

“Finkelstein, Aminosa, N. L., and Smith, H. 
W.: The Renal Clearance of Hippuric Acid and 
Pyridine Derivatives. Am. Physiol., 133, 
(1941): 276. 

"Folin, O.: A System of Blood Analysis. ITI, 
A New Colorimetric Method for the Amino 


Acid Nitrogen in Blood. J. Biol. Chem., 51, 
(1922): 377. 
“Goldring, W., Razinsky, L., Greenblatt, M., 


and Cohen, S.: The Influence of Protein Intake 
on the Urea Clearance in Normal Man. J. Clin. 
Investigation, 13, (1934): 743. 

BHayman, J. M., and Starr, I.: 
on the Glomerular Distribution 
the Mammalian Kidney. J. Exptl. 
(1925): 641. 

“Hiat, E. P., and Hiat, R. B.: The Effect of 
Food on the Glomerular Filtration Rate and 
Renal Blood Flow in the Harbour Seal. J. Cell. 
& Comp. Physiol., 19, (1942): 221. 

bHiat, E. P.: The Effect on the Filtration 
Rate and Blood Flow in Dog Kidney Rendered 
Hyperemic by Administration of Pyrogen. Am, 
J. Physiol., 136, (1942): 38. 

’]amport, J.: The Effect of Renal Resistance 
to Blood Flow of Renin Angiotonin, Pitressin 
and Atropin Hypertension and Toxemia of 
ee: J. Clin. Investigation, 21, (1942): 

5. 


Experiments 
of Blood in 
Med., 42, 


"Longley, L. P., and Miller, H.: The Effect 
of Diet and Meals on the Maximum Urea Clear- 
ance. Am. J. Med. Sci., 203, (1942): 253. 

%Maluf, R.: Réle of the Renal Innervation in 
Renal Tubular Function. Am. J. Physiol. 139, 
(1943): 103. 

Moore, R. A., and Lukianoff, G. F.: The Ef- 
fect of Unilateral Nephrectomy on the Total! 
Number of Open Glomeruli in the Rabbit. J. 
Exptl. Med., 50, (1929): 227. 

*®*Moustgaard, J.: Hippodin and Inulin Clear- 
ance in Healthy Dogs. Skand. Vet.-tidskr., 
(1945): 508. (In English). 

Pitts, R. F.: The Effect of Protein and 
Amino Acid Metabolism on the Urea and Xylose 
Clearance. J. Nutr., 9, (1935): 657. 

2Pitts, R. F.: The Effects of Infusing Glycin 
and of Varying the Dietary Protein Intake on 
Renal Hemodynamics in Dogs. Am. J. Physiol. 
142, (1944): 355. 

Richards, A. N., and Schmidt, C. F.: A De- 
scription of the Glomerular Circulation in the 
Frogs Kidney and Observations Concerning the 
Action of Adrenalin and Various Other Sub- 
ae upon It. Am. J. Physiol., 71, (1924-25): 
178. 


4Selkurt, E.: Renal Blood Flow and Renal 
Clearance during Hemorrhagic Shock. Am. J. 
Physiol., 145, (1945): 699. 

*Shannon, J. A., Joliffe, N., and Smith, H. W.: 
The Effect of Maintenance Diet Feeding upon 
the Quantity of Glomerular Filtrate. Am. J. 
Physiol., 101, (1932): 625. 

Smith, J. W., Chasis, H., Goldring, W., and 
Ranges, H. A.: Glomerular Dynamics in the 
Normal Human Kidney. J. Clin. Investigation, 
19, (1940): 7651. 

7™Watzadze, G.: Uber die Harnbildung in der 
Froschniere. XIV Mitteilung: Bedeutung der 
Aminosauren fiir die Nierentatigkeit. Arch. f. 
ges. Physiol., 219, (1928): 694 

*White, H. W.: Observations Indicating Ab- 
sence of Glomerular Intermittence in Normal 


ee and Rabbits. Am. J. Physiol., 128, (1939): 
59. 
*White, H. W.: Observations on the Be- 


havior of or in the Dog. Am. J. Physiol. 
130, (1940): 

*®*White, H. and Heinbecker, P.: Observa- 
tions on Inulin and Diodrast Clearances on Re- 
nal Plasma Flow in Normal and Hypophy- 
anne Dogs. Am. J. Physiol., 130, (1940): 

*Wimstrup, B.: On the Number, Shape, Struc- 
ture and Surface Area of the Glomeruli in the 
Kidney of Man and Mammals. Am. J. Anat., 41 
(1928): 123. 


Sulfathiazole Blood Levels of Chickens Given 
Sodium Sulfathiazole in Drinking Water 
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RAY M. BATCHELDER, D.V.M. 


Kingston, Rhode Island 


IN PREVIOUS publications,’:* it was shown 
that sulfathiazole, added in sufficient quan- 
tities to a poultry mash and fed ad libitum, 
insured blood drug levels which prevented 
the development of infectious coryza due 
to Hemophilus gallinarum in experiment- 
ally infected chickens. It was found that 
at least 3/16 Gm. of sulfathiazole per 
ounce of mash was necessary to prevent 
infection. This concentration provided free 
sulfathiazole at a single maximum blood 
level of 2.4 mg. and an average daily level 
of 1.8 mg. / 100 ee. of blood. 

When water was used as a carrier for 
sulfathiazole, the more soluble sodium salt 
was employed to insure an adequate drug 
supply. The present study was. under- 
taken to determine the relation between 
drinking water levels and resulting con- 
centration of sulfathiazole in blood. 

Because 3/16 Gm. of sulfathiazole per 
ounce of feed adequately protected chickens 
against infectious coryza, this level was 
adapted to drinking water by assuming a 
daily consumption of 3 oz. of feed and 7 
oz. of water per bird. On this basis, the 
total daily sulfathiazole intake from mash 
would be 9/16 or 0.56 Gm., which was 
arbitrarily reduced in this study to 0.5 Gm. 
The latter quantity when based on a 7-oz. 
(200-ec.) daily liquid intake is equal to a 
0.27 per cent sodium sulfathiazole solution. 
A second solution of the drug was tested 
at approximately 12 per cent of this con- 
centration, 7.e., 0.032 per cent of sodium 
sulfathiazole. 
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CHEMICAL METHODS 


Sulfathiazole was determined in a tri- 
chloracetic acid-blood filtrate by the method 
of Bratton and Marshall.’ The resulting color 
was estimated against distilled water using 
a Coleman Universal Spectrophotometer at 
530 my. This instrument measures the mono- 
chromatic light passing through a solution, 
and the percentage of transmittance is a 
function, in these tests, of sulfathiazole con- 
centration. 

An initial concentration-transmittance curve 
was prepared by adding the appropriate 
amounts of a stock sodium sulfathiazole solu- 
tion (0.1 mg. sulfathiazole / cubic centi- 
meter) plus 1.3 ce. trichloracetic acid (15%) 
in water to make several samples corres- 
ponding to 10-cc. aliquots which represented 
20.0, 15.0, 10.0, 5.0, and 1.0 mg. per 100 cc. 
of blood. This procedure was repeated by 
adding proper amounts of the same _ stock 
solution to water, 1 ce. of blood, and 3 cc. of 
trichloracetic acid to make a 1 : 20 dilution of 
the above named concentrations. The recovery 
values of sulfathiazole added to blood and 
taken through a trichloracetic acid-protein 
precipitation were 20.0, 14.8, 10.0, 5.0, and 
1.05 mg. / 100 cc. This shows an average 
recovery of 100.7 per cent. Blood samples 
were taken from the wing veins and sodium 
citrate used as the anticoagulant. 


SoDIUM SULFATHIAZOLE LEVELS IN DRINKING 


WATER 
The sodium sulfathiazole solutions were 
placed in varnished galvanized pans. This 


was necessary because the drug crystallized 
from the stronger solution at the air-liquid 
interface when unvarnished pans were used. 

The experiment was arranged as follows: 
pen 1, tap water; pen 2, sodium sulfathiazole 
solution, 0.27 per cent; pen 3, sodium sulfa- 
thiazole solution, 0.032 per cent. Fresh tap 
water or solution was given to all pens at 
the rate of 2 liters per day. A second pan 
containing 2 liters of tap water was placed 
in pen 1 to determine the daily loss due to 
evaporation. The amount of liquid consumed 
per day by each pen of birds was measured 
and this quantity then corrected for loss by 
evaporation. 

Each pen contained 5 birds (Rhode Island 
Red hens 1 year old weighing 5 to 7 lb.) ex- 
cept pen 2, which contained 8. However, 5 
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birds were used from each pen for blood 
analysis, but all were included in measuring 
the feed and water consumed. The birds used 
in this study were moulting. 

The H-ion concentration of the various 
liquids for pens 1, 2, and 3 were pH 6.0, 8.1, 
and 7.2, respectively. 


LIQUID AND MASH CONSUMPTION 


The liquid intake per bird per day, in re- 
lation to daily maximum temperature and 
relative humidity, is shown in figure 1. In 
pen 1, 2, and 3, the trend of liquid consump- 
tion was in general, but with some individual 
exceptions, inversely proportional to relative 
humidity. The relationship between fluid in- 
take and maximum daily temperature is not 
clear except for pens 2 and 3 from June 22 
to 27; during this time intake shows a direct 
proportionality. The average daily liquid con- 
sumption per bird per day for a ten-day period 
for pens 1, 2, and 3 was 207, 167, and 144 
ce., respectively. It is apparent that solutions 
containing the drug were less palatable than 
tap water. 

The average mash consumption per bird was 
2.1, 1.8, and 1.5 lb. in pens 1, 2, and 3, re- 
spectively, for the same ten-day period pre- 
viously mentioned. 
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BLoop SULFATHIAZOLE LEVELS 


Various sulfathiazole blood fractions, 
free and combined (acetylated), were ce- 
termined at different times of the day in 
order to establish the blood picture of 
chickens receiving sodium sulfathiazole in 
drinking water (fig. 2A). The blood of 
all birds in the control pen consistently 
gave negative results for all sulfathiazole 
fractions. 

The free sulfathiazole blood level of the 
birds in pen 2 was consistently high and 
especially so in samples taken just before 
noon. The average blood concentration of 
free sulfathiazole in pen 2 for five different 
samplings was 1.9 mg. / 100 cc. This 
is similar to the daily average blood level 
(1.88 mg. / 100 cc.) found when sulfa- 
thiazole was incorporated in the feed. The 
various drug levels found in the birds in 
pen 3 were mostly below 0.5 mg. / 100 
ce. of blood, and this is also the maximum 
value for combined sulfathiazole in all 
tests. Figure 2B shows the variation of 
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LEVELS OF CHICKENS 


free sulfathiazole in blood as found in this 
work. The variability is probably due to 
individual differences in feeding habits and 
the metabolic status of individual birds. 

On the basis of the previous study,’ the 
above data indicate that sodium sulfa- 
thiazole given at the rate of 0.27 per cent 
in the drinking water provides a_ blood 
concentration of sulfathiazole sufficient to 
control infectious coryza, but the weaker 
solution was not sufficiently concentrated 
to insure an adequate drug intake to pro- 
vide a satisfactory blood level. Birds pro- 
vided with the concentrated and weaker 
solutions had an average daily intake of 
118 mg. and 42.4 mg. of sulfathiazole, re- 
spectively. It would, therefore, have been 
necessary for the birds having access to 
the weaker solution to consume over 1 
liter of solution per bird per day to pro- 
vide an adequate total intake of sulfa- 
thiazole. 

A commercial product containing 4 per 


cent of sodium sulfathiazole was used av- 
cording to the manufacturers’ recommen- 
dation of 2 tablespoonfuls (30 cc.) of solu- 
tion per gallon of water. This solution was 
made fresh daily and was provided ad 
libitwm in 2-liter amounts. It resulted in 
the following average daily blood concen- 
trations: total sulfathiazole, 0.2 mg. 

100 cc.; free sulfathiazole, 0.2 mg. 

100 cc. A repetition of this experiment 
gave essentially the same results. These 
average values are in the same order of 
magnitude as those which resulted when 
a known source of sodium sulfathiazole 
(0.032% ) was used (fig. 2). The highest 
and lowest sulfathiazole content found in 
20 samples of blood, taken between 9:30 
a.m. and 4:30 p.m. from birds receiving 
this low concentration, was 0.8 mg. and 
0.0 mg. / 100 cc., respectively. The blood 
levels are considerably lower than those 
found when the birds had access to the 
0.27 per cent solution. It is apparent, 
therefore, that sodium sulfathiazole, when 
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used at a 0.032 per cent concentration. 
would not provide a sufficiently high blood 
concentration to control infectious coryza. 


CONCLUSIONS 


A 0.27 per cent solution of sodium sulfa- 
thiazole was apparently not as palatable 
as water alone. However, a_ sufficient 
quantity of this solution was consumed to 
provide a blood concentration of the drug 
which has been shown to be effective in 
the control of infectious coryza produced 
by inoculating chickens with Hemophilus 
gallinarum and then holding them under 
laboratory conditions. The indications are 
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that the weaker solution with 0.032 per 
cent of sodium sulfathiazole would fail 
in this respect. 
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Comparison of Duodenal Glands in Domestic Animals 


HANS ELIAS, Ph.D. 
Atlanta, Georgia 


THE GLANDS of Brunner in the submucosa 
of the mammalian duodenum vary in struc- 
ture from species to species. Certain in- 
formation about these differences was re- 
ported in 1884 by Ellenberger’ and in 1890 
by Kucynski.* However, a comprehensive, 
pictorial comparison is not available to 
the majority of veterinary pathologists for 
whom it might be of interest to possess 
illustrative material representing the nor- 
mal duodenal glands. As the illustrations 
in this paper show, the differences are 
striking. 

Hog.—Brunner’s glands form large con- 
tinuous masses, filling the entire submucosa 
of the proximal duodenum, only interrupted 
by groups of fat cells (lower left, fig. 1). 
These glandular masses appear very much like 
oral, mucous salivary glands. They consist 
of very long and very much twisted tubules. 
The lumen of the tubules is very narrow, ‘just 
as narrow as that of the acini of the oral 
salivary glands. As in those, the nuclei of 
the glandular cells are slightly flattened, 
deeply staining, and located at the basal peri- 
phery of the cells (upper left, fig. 1) The 
ducts are lined by the same kind of cells 
which are found in the tubules. 

Horse.—The duodenal glands of the horse 
form small, distinct lobules consisting of 
twisted tubules, essentially shorter than those 
of the hog. Each lobule is provided with a 
duct. The end pieces are similar to those 
of the hog. The lumina are extremely nar- 
row. The cells are pyramidal to cuboidal. 
Their nuclei are definitely flattened and 
pressed toward the basal boundaries of the 
cells, where they even cause a slight out- 
bulging. The lumen of the ducts is wide; 
the lining of the ducts consists of low cuboi- 
dal cells. 

Cat.—Brunner’s glands in the cat also form 
lobules, but less distinct than those in the 
horse. The end pieces are tubuloalveolar; 
branching occurs in peripheral districts. The 
lumina of the end pieces are small, but well 
distinguishable. The glandular cells are much 
smaller than in the horse. Their nuclei are 
spherical, and they do not stain as heavily 
as those of the pig and the horse. Frequently, 
a large nucleolus can be distinguished. On 
the whole, the nuclei resemble those of pan- 
creatic cells. The lumen of the ducts is as 
large as that of the largest alveoli. The duct 
is lined by the same kind of cells that line 
the end pieces. 


From the U. S. Public Health 


lanta, Ga. 


Service, At- 


Cattle—The glands of Brunner in the ox 
are similar to those of the cat, but they have 
larger lumina; as Ellenberger puts it, they 
end in clublike enlargements. The glands ar« 
richly branched at their ends. The glandular 
cells resemble those of the cat. They are 
small, cuboidal, and provided with relatively 
large, light, spherical nuclei. A remarkable 
feature of the bovine duodenal glands is the 
fact that the end pieces which are directed 
upward, i.e., which approach the muscularis 
mucosae (musc. muc.) from below are serous 
in character; i.e., their cytoplasm is strongly 
acidophilic and very finely granular. The 
glands empty frequently into Lieberkiihnian 
crypts as shown in figure 2. 

Dog.—The glands of Brunner in the dog 
have a relatively large lumen. They resemble 
flattened pouches. They are lined by most 
characteristic, very tall, columnar cells which 
are provided with a distinct striated distal 
border. The nuclei are found near the peri- 
phery of the glands. The nuclei may be flat- 
tened, slightly compressed, or tall and oval. 

The ducts are lined by the same type of 
cells as are found in the end pieces. 

Sheep.—The ovine glands of Brunner have 
a still larger lumen. Their general shape is 
somewhat intermediate between the branched, 
alveolar type and the type of flattened pouches 
found in the dog. The glandular cells are 
columnar, but not as tall as those of the dog. 
The distal border of the cells is at some places 
(as at A, fig. 2) provided with thin pro- 
toplasmic projections (stereocilia or striated 
border?) deeply staining at their base. The 
nuclei are light staining. They may be slightly 
flattened or tall and erect. 

Goat.—The largest lumina among the glands 
of Brunner in domestic animals are possessed 
by the goat. Brunner’s glands in this species 
consist of large, thin-walled, branched alveoli 
which very much resemble hypoactive thyroid 
follicles. The alveoli are lined by low colum- 
nar (upper center) to low cuboidal (left) 
epithelium. The epithelium of some alveoli 
(upper center) is provided with a deeply 
staining border. The nuclei vary in shape 
from flattened to erect oval. A few of the 
end pieces, however, are narrow tubules, as 
seen in the center of our figure. 


SUMMARY 


Brunner’s glands show great specific dif- 
ferences. If we arrange them according 
to the width of the lumen of the glandular 
end pieces, beginning with the narrowest 
lumen (ca 2) and ending with the widest 
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Fig. |—Brunner’s gland in the pig, horse. and cat. 


(See p. 313 for Fig. 2) 


lumen (ca 100.) the succession is: pig, References 
horse, cat, OX, dog, sheep, goat. Beginning 'Ellenberger, W.: Handbuch der vergleich- 


with the lowest cells (ca. 54) and ending enden Histologie und Physiologie der Haus- 
siiugetiere berbeited von Bonnet. Cskar, 
with the tallest cells (ca. 304), the succes- baum, 1. Band. Berlin, 1884. 
sion is: cat, ox, horse, pig, sheep, dog. pe euenynant, A: Beitrige zur Histologie der 
runnerschen iisen, Int t. Monatsschr. 
Other specific features are listed. Aut & 
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DUODENAL GLANDS IN DOMESTIC ANIMALS 


Fig. 2—Brunner's gland in the ox, sheep, dog, and goat. 
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Viability of Brucella Suis on Storage in Liquid Culture 


MAJOR S. S. ELBERG, SnC, and Lt. H. N. GLASSMAN, C.W.S. 
Camp Detrick, Maryland 


THE LITERATURE abounds in references on 
the longevity in nature of Brucella. Hor- 
rocks,’ and Gilmour’ studied the persistence 
of Brucella melitensis in soil, water, and 
cloth. They found the extreme survivals 
to be seventy-two days in damp, sterilized 
soil, forty-two days in sterilized tap water, 
and eighty days on dry cloth. Cameron’ 
reported that Brucella suis remained alive 
after four hours in direct sunlight, 121 
days when dried in the presence of nut- 
rient material, and 120 days in bovine 
feces “dried slowly.” It is generally ac- 
cepted, as a consequence of the work of 
Mohler and Traum,’ McFadyean and Stock- 
man,’ and Huddleson et al.,° that Brucella 
survive for extended periods in infected 
animal tissues. During an investigation 
similar to the one reported herein, Feld- 
man and Olson’ found that broth cultures 
of Br. suis grown seventy-two hours at 37 
C. and then held at room temperature (21 
to 23 C.) were still alive and virulent after 
thirty days but suffered great loss in 
both properties after 152 days. It seems 
obvious that in all of these studies the 
accompanying materials such as feces, cul- 
ture mediums, etc. fulfilled a protective 
function that has been recognized in many 
studies on disinfection, and is therefore 
not unfamiliar in the bacteriologic field. 
During studies of the experimental epi- 
zootiology of Brucella infection, it was 
found desirable to be able to work over a 
period of two months at 20 to 25 C. with 
the same suspension of Br. suis retaining 
as nearly as possible the original viable 
cell count and virulence. The epizodétiologic 
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experiments will be published elsewhere.’ 
In this paper, the ability of certain pro- 
tective substances to stabilize the via- 
bility and virulence of Br. suis will be 
reported. 


EXPERIMENTAL 


Culture Production.—The stock culture was 
a transplant of Br. suis 1772A originally ob- 
tained from Dr. I. F. Huddleson. The stock 
culture was maintained on Bacto-tryptose 
agar slants with daily transfer. 

Fifteen-liter lots were grown in_ liquid 
nium in the large scale laboratory aération 
a, »aratus described by Glassman and EI- 
berg.” For inoculum, the surface growth was 
washed from a 48-hour, tryptose agar slant 
of Br. suis and made up to 100-cece. volume 
with tryptose saline (0.1 per cent tryptose 
plus 0.5 per cent sodium chloride). The 
liquid medium contained 2 per cent tryptose 
and 0.5 per cent sodium chloride; it was ad- 
justed to pH 6.8 to 6.9. The temperature 
of incubation was 37 C. Aération was main- 
tained at a level of 1/15 volume of air per 
minute per volume of culture medium. 


TABLE !—Viability of Brucella Suis at 20 to 25 C. in 
Presence of Stabilizing Substances 


Viable organisms x 10° per ce. 


© 
ig +5 +8 +3 
O30 Un Osk On Oa 
0 10.0 10.0 10.0 10.0 10.0 10.0 
30 2.5 20.0 13.0 18.0 8.0 8.7 
60 0.1 11.5 11.0 9.6 0.8 0.09 
175 


*Not tested 


Maximal growth under these conditions was 
found at approximately sixty-five hours after 
inoculation, and the cultures were routinely 
harvested at that time. A viable organism 
count of 1 to 2 x 10” per cubic centimeter 
was typical. Morphologic purity was confirmed 
by the Gram stain. No evidence of colonial 
variation could be observed by study of the 
surface growth on a tryptose agar streak 
plate illuminated by oblique reflected light. 

Storage.—Sixty-five hours after inoculation, 
the aérated broth cultures were harvested 
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with sterile precautions through the sampling 
siphon of the aération apparatus." Aliquots 
of 800 ce. were placed in Erlenmeyer flasks 
containing substances whose protective poten- 
tialities were to be studied. The flasks were 
stoppered with tightly fitting plugs overlaid 
with parafilm or tinfoil and kept at 20 to 25 C. 

The dextrin used was Merck reagent grade. 
Marmite is a British plasmolyzed yeast pro- 
duct. The gelatin was a low viscosity pro- 
duct furnished by Col. F. R. Johnson. 


TABLE 2—Typical Growth of Brucelia Suis in 15- 
Liter Aerated Cultures 


‘iable cell count per ce. x 10° 


Hours Batch A Batch B 
24 4.0 
3 13.0 16.0 
56 14.2 
19.2 22.0 
72 16.0 17.6 
10.6 


96 13.0 


Viable Cell Counts.—Assays of the viable 
Brucella concentrations of the various sus- 
pensions were made by the _ poured-plate 
method, using tryptose agar. The diluent was 
sterile tryptose saline (0.1% tryptose plus 
0.5% sodium chloride). Thirty colonies per 
plate were the minimum accepted for counting. 

Virulence Titrations.—In their studies on 
experimental epizoétiology, Henderson and co- 
workers* have developed accurate and con- 
venient methods for the exposure of animals 
to determinable numbers of microérganisms 
via the respiratory route. These methods 


have been applied to the assay of the viru-. 


lence of our stored suspensions. Guiiea pigs 
weighing 350 to 400 Gm. were used because 
of the extreme susceptibility of the species 
to Brucella infection. Twenty guinea pigs 
were exposed to each dosage of organisms. 
After exposure, the guinea pigs were main- 
tained for thirty days on the usual Purina 
Chow diet supplemented by necessary greens 
and carrots. At the conclusion of this period, 
all guinea pigs were sacrificed and examined 
for the presence of typical lesions in the 
liver, spleen, and regional lymph nodes. These 
organs were removed from the animal, ground 
separately in mortars, and then suspended 
in tryptose saline solution. Aliquots of these 
suspensions were streaked onto tryptose agar. 
isolation of Br. suis from one or more of 
hese tissues was accepted as the final cri- 
erion of infection. 

In determining the virulence of experimental 
suspensions, comparisons were always made 
‘ith a “standard” suspension which was run 

parallel. The standard suspension con- 
sted of the 48-hour growth on a tryptose 
rar slant culture of Br. suis suspended in 
bell’s solution.” Extensive studies of the 
andard suspension by Henderson* have made 
uvailable a statistically valid, standard re- 


gression line for response to dosage calcu- 
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lated according to the method of Bliss.” Thus, 
experimental suspensions were always refer- 
red to the standard regression line. In turn, 
the standard regression line was rechecked at 
one dosage in each control experiment. 


RESULTS 


Table 1 presents the details of a typical 
storage experiment in which the influence 
of different protective materials was tested. 

After thirty days’ storage, the untreated 
culture used as a control retained approxi- 
mately 25 per cent of the original viable 
cell count. The suspensions containing Mar- 
mite and gelatin retained 80 and 87 per 
cent, respectively. The suspensions con- 
taining dextrin, ascorbic acid, or a mix- 
ture of dextrin and ascorbic acid not only 
retained the original viable cell count but 
actually increased by 30 to 100 per cent. 
The explanation of this increase is not 
clear. The cultures were harvested at the 
period of maximal viable cell count for the 
medium used. Any further attempts at 
aération and growth beyond the 65- to 72- 
hour incubation time resulted only in a 
decline in the viable cell count as the cul- 
ture entered the negative growth phase. 
Reference to table 2, which presents data 
on typical growth of Br. suis under the 
production conditions of these experiments, 
will illustrate this point. 


TABLE 3—Virulence of Brucella Suis Stabilized by 
Dextrin as Measured by the Respiratory Route 


Guinea “pigs Estimated ‘Animsg als 
exposed dose per infected 
Material (No.) animal % 
“Standard” 
suspension 20 30 organisms 45 
Aérated broth 
culture freshly 
prepared 20 31 organisms 60 
Aérated broth 
culture + 10% 
dextrin stored 
175 da. 20 to 
25 C. 20 33 organisms 55 


It is possible that components of dextrin 
and ascorbic acid have increased the maxi- 
mal, population-supporting potential of the 
medium sufficiently to allow for the in- 
crease in viable cell count. McCullough 
et al.,” in a study of the nutrition of this 
strain of Br. suis, have shown that addition 
of nutritional supplements to the tryptose 
medium used in this study will increase 
the maximal population levels several fold. 
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After sixty days’ storage, the untreated 
culture (control) had a viable cell count 
of 1 per cent of the original. The sus- 
pension containing Marmite was down to 
this level also in contrast to the results 
after thirty days’ storage when the Mar- 
mite suspension was superior to the con- 
trol. The gelatin suspension also showed 
up poorly after sixty days’ storage, re- 
taining some 8 per cent of the original 
viable cell count. In contrast, the suspen- 
sions containing dextrin, ascorbic acid, or 


TABLE 4—The Effect of Concentration of Dextrin oa 
Preservation of Brucella Suis at 20 to 25 C. 


Viable organisms per ce. x 10° 


+5 
~ ~ 
= s@ S's 
0 61.7 19.3 40.2 48.0 
8 18.0 19.0 34.0 42.0 
28 0.17 13.0 3.2 2. 
48 0.01 14.0 
*Not tested 
dextrin plus ascorbic acid all showed a 


viable cell count approximately identical 
with that of the original sample (96 to 
115%). 

The suspension containing dextrin was 
kept for a total period of 175 days. 
Whereas the untreated culture (control) 
by this time retained less than 0.01 per 
cent of the original viable cell count, the 
dextrin-stabilized suspension approximated 
25 per cent. The stabilized suspension 
thus had some 2,500 times the number of 
viable cells remaining in the untreated con- 
trol culture. This 175-day-old dextrin-sta- 
bilized suspension was tested for virulence 
and compared with a freshly prepared, 
aérated broth culture on the one hand and 
with a 72-hour tryptose-agar slant culture 
on the the other. These data are pre- 
sented in table 3. The percentage of ani- 
mals infected is identical for each prep- 
aration within the limits of error of the 
method of assay. 

An extensive investigation of the basis 
for the stabilizing effect of the 10 per cent 
dextrin is now in progress. Preliminary 
results indicate that high concentrations 
are necessary. Four high-count cultures 


S. S. ELBERG AND H. N. GLASSMAN 


AM. J. VET. REs. 


grown on the fortified tryptose broth me- 
dium of McCullough et al.” were studied 
over a period of forty-eight days with 0, 
2, 5, and 10 per cent dextrin (see table 4). 

At the end of twenty-eight days, the 
cultures with 2 per cent and 5 per ceni 
dextrin had shown considerable loss of 
viable cells and were discarded. The cul- 
ture plus 10 per cent dextrin, at the end of 
forty-eight days, retained some 1,400 times 
the number of viable cells remaining in 
the untreated control. This requirement 
of such a high concentration of dextrin 
suggests the possibility of an impurity 
being the stabilizing factor. 


SUMMARY 


1) Aérated broth cultures of Brucellu 
suis stabilized by the presence of dextrin, 
ascorbic acid, or by a combination of dex- 
trin and ascorbic acid retain their ori- 
ginal, viable cell count after storage for 
two months at 20 to 25 C. 

2) An aérated broth culture of Br. suis 
stabilized by the presence of dextrin and 
stored at 20 to 25 C. for 175 days has re- 
tained 25 per cent of its original viable 
cell count and 100 per cent of its virulence. 
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